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The Maturation of the Ovum in the Cape and 
New Zealand Species of Peripatus. 


By 


Lilian Sheldon, 
Bathurst Student, Newnham College, Cambridge. 


With Plates I, II, III. 


DerscrRIPTION OF MATERIAL. 


THE species of which I had the most complete supply is 
Peripatus capensis, and consequently I have been able to 
obtain a more satisfactory account of the events attending the 
maturation of the ovum in it than in either of the other two. 

The material consisted of ovaries taken from females in July, 
September, October, December, January, and March. During 
April females were killed almost every day, and both the ovary 
and the eggs in the uterus were preserved, so that I havea 
large number of ova before the beginning of the segmentation. 
The supply of P. Balfouri is smaller, but of that species also 
there was a fair number of pre-segmentation ova preserved 
during April. 

Of P. nove-zealandize I have a much smaller supply. 
It consists of a few ovaries of July, April, December, and 
January, and some unsegmented ova taken from the uterus in 
December. 

The specimens were preserved in various ways, and the 
results obtained in all the methods were the same. My work 
was done entirely on sections, of which it was easy to obtain 
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complete series, as the preservation was in almost all cases 
satisfactory. 

All my material was provided for me ready preserved by 
Mr. Sedgwick, who also placed at my disposal a number of 
series of sections which he had cut of the early stages of the 
Cape species. For this kindness, as well as for much valuable 
advice and assistance which he gave me throughout my work, 
I wish to express my very sincere thanks. 


PERIPATUS CAPENSIS. 


Structure of the Ovary.—The ovary has the same 
general anatomical structure in all the species of Peripatus in 
which it has been hitherto described. 

In P. capensis it consists of a pair of tubes lying parallel 
to one another and to the long axis of the body, and uniting 
anteriorly, where the ovary is attached to the ventral wall of 
the pericardium. Posteriorly they also unite into a short 
common duct, which almost immediately divides into the two 
oviducts. 

The epithelial lining of the ovary is of two kinds (v. fig. 1). 
On the inner side of each tube it is thin and flat, with very 
distinct nuclei; while on the outer it is very thick (figs. 1 and 3). 
It is this thick mass which is the germinal epithelium. 

Towards the end of April, i.e. shortly after all the ova have 
passed from the ovary into the uterus, the germinal epithelium 
forms a very thick mass, consisting of protoplasm with nuclei, 
and the remains of spermatozoa scattered through it (fig. 1). 
The protoplasm shows no cell outlines even when examined 
under a high power of the microscope, and is then seen to 
consist of a loose, irregular, spongy mass. A small portion of 
the ovarian wall at the junction of the germinal with the thin 
epithelium is shown in fig. 2, which was drawn with Reichert’s 
;j; oil immersion lens ; on the side which lies towards the body 
cavity there is an irregular layer of nuclei lying more or less 
parallel to the surface, and on that which is directed towards 
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the cavity of the ovary the nuclei are pear-shaped, and have 
a roughly columnar arrangement, while the protoplasm itself 
has a very irregular outline fraying out into the cavity of the 
ovary, is very reticulate and spongy, and is traversed by wavy 
strie, which are probably elastic fibres. The protoplasm of 
the whole of the germinal epithelium possesses a similar 
structure. The nuclei at this time are all alike, there being no 
distinction between those which will become ova and the 
remaining ones, so that it seems probable that any nucleus 
may subsequently become an ovum, and that there is no dif- 
ferentiation into germinal and follicle cells, &c. At this time 
the only spermatozoa which are present in the female genera- 
tive apparatus are a few scattered ones in the cavity of the 
ovary, and a few, which are generally arranged in groups, 
lying in the protoplasmic meshwork of the germinal epi- 
thelium. 

I have not examined any ovaries of May or June, but from 
July onward up till the time the ova are about to pass into the 
oviduct the ovarian tubes are crowded with a thick matted mass 
of spermatozoa (figs. 3 and 4). Like Mr. Sedgwick (14), I 
have never found any spermatozoa in any other part of the 
female generative organs. 

The structure of the ovary of P. capensis differs from that 
of P. Edwardsii, as described by Gaffron (9), since in the 
latter the whole ovarian tube is lined by germinal epithelium, 
the ovary being embedded in the stroma, and hence the ova lie 
all round the cavity instead of along the outer side only. 

The Ovarian Ovum.—In July the ova are perfectly dis- 
tinguishable from the other cells of the germinal epithelium. 
Each ovum (v. fig. 8) possesses a central nucleus surrounded 
by a layer of dense granular protoplasm, and lies on the outer 
side of the ovarian wall, where it forms a short, blunt projec- 
tion into the body-cavity. The nucleus is large, has a central 
position, and is distinguished from the cell substance by stain- 
ing rather more deeply; it is granular and contains a not 
very clearly-defined nucleolus. There is no distinct line of de- 
marcation between the protoplasm of the ovum and that of 
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the rest of the germinal epithelium, the limit being marked 
only by the density of the former. 

By September (v. fig. 4) the ovum has increased considerably 
in size, has acquired a definite oval shape, and is enclosed in a 
very thin shell. The nucleus is round, has a central position, 
and encloses a round exceutric nucleolus. The peduncle con- 
necting the ovum with the ovarian wall has become larger and 
is still many cells thick. 

An ovum of this date (September), with its stalk, is shown 
in fig. 5: the nucleus contains a protoplasmic reticulum with 
special aggregation of chromatin at the junctions of the strands, 
and also a round, excentric nucleolus. 

From this time onwards the ova gradually increase in size, 
and the peduncles grow longer and thinner. The nucleus and 
nucleolus also become larger and the shell acquires considerable 
thickness. 

In the youngest ovum (v. fig. 8) which I have found in the 
ovary of April, the nucleus still has a central position and 
contains a large round nucleus, which is slightly excentric, 
stains very deeply, and encloses some highly refractive chro- 
matin and some very small vacuoles. The nucleus is granular, 
and not very difinitely marked off from the cell-protoplasm ; 
but I am not able to trace any distinct connection between 
the reticula of the two. The shell is very thick. The cell- 
protoplasm has a granular structure, and contains numerous 
very minute, highly refractive globules, which appears to be 
yolk. The stalk is long, and is, through most of its length, 
two cells thick. | 

The next event is the travelling of the nucleus from the 
centre to the periphery of the ovum, at the side removed from 
the point of attachment of the stalk. The protoplasm also 
loses its dense character and becomes looser. The nucleus has 
a definite wall, which is continuous with the meshwork of the 
protoplasm. 

In the next stage (v. fig. 9) the protoplasm is still less dense 
and more loosely reticulate; the nucleus lies quite periphe- 
rally, is homogeneous in structure, and has lost its nucleolus. 
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In addition to the minute yolk-spherules scattered through 
the protoplasm, there are a few larger bodies lying just below 
the shell, which stain deeply, have a homogeneous structure, 
and are probably of a yolky nature. The cells of the lower 
end of the stalk have begun to grow round the outside of the 
egg so as to forma follicle, which at this stage extends round 
about one third of its circumference. 

The nucleus, as is shown in fig. 6, next becomes irregular 
in outline, and is thrown into folds, which project into the sur- 
rounding protoplasm. These projections, with depressions 
between them, occur all round the nucleus. This change in 
the nucleus is probably the forerunner of its total disappear- 
ance, which in the next stage will be described as having dis- 
appeared, though I have not been able to observe the further 
steps in the process in this species. In P. Balfouri, how- 
ever, I have a further stage in its disappearance, in which the 
nuclear wall is completely lost, the position of the nucleus being 
indicated by a dense mass of protoplasm, which at its edges is 
continuous with the loose protoplasmic reticulum of the egg, 
and which contains in its centre some irregular chromatic 
particles: this condition is shown in fig. 7. By a still further 
diffusion and breaking up of this dense mass of protoplasm, it 
is easy to conceive how the nucleus and even its former 
situation might become invisible. 

In the next stage the nucleus is invisible, and the follicle 
completely surrounds the egg, consisting of a layer of flat cells 
which closely adhere to the eggshell; just within the egg- 
shell a few irregular, rather deeply-staining aggregations are 
present in the protoplasm of the ovum. These may be the 
remains of the nucleus which have become scattered through 
the egg, since no such aggregations are present in the former 
stage in which the nucleus itself was visible. 

The next stage is shown in fig. 8. It differs from the last 
only in the fact that the follicle does not adhere to the egg- 
shell, but is separated from it all round, so that the ovum lies 
loose in a hollow vesicle, which is attached to the ovary by a 
long thinstalk. At this stage the cellular nature of the follicle 


6 LILIAN SHELDON. 


is hardly discernible, owing to its great thinness; a few very 
flat nuclei can, however, be distinguished init. The ovum at 
this stage is completely surrounded by its thick shell, and I 
was not able to observe any micropyle or break in the latter 
for the entrance of the spermatozoon. Apart from the fact 
that the egg is oval in shape, and consequently possesses a long 
and a short axis, there was no means of distinguishing any 
difference in the surfaces, or any pole of impregnation. 

This is the oldest ovum which I have found in the ovary. 
I suppose that it now passes into the cavity of the ovary through 
the stalk, which must acquire a cavity for the purpose. The 
only indication of such a process which I have observed is that 
in some cases the stalk has a vacuolate structure, and is irre- 
gularly two cells thick. In fact, I have never found an ovum 
either in process of passing into or in the ovary, but the next 
stages of ova are in the uterus. From this I infer that the 
process must be one of extreme rapidity, as I have ovaries 
which were preserved at various times through April. 

Since, as has been already stated, spermatozoa are present in 
great abundance in the ovary and in no other part of the 
female organs, it may be assumed that fertilization of the ovum 
takes place in its passage through the ovary, and hence I have 
never observed the process, although, as I shall describe 
shortly, I have several ova in which the male pronucleus is 
clearly seen. 

The Uterine Ova.—There is a very Remanlcaile difference 
in size between the oldest ovarian ovum and the youngest uterine 
one. The greatest length registered for the former is *26 mm., 
while the smallest ovum found in the uterus measured ‘6 mm., 
or more than double. An analogous but even greater pro- 
portional difference is stated by Mr. Caldwell (6) to occur 
in Monotremata, where he alleges it to be due to the absorp- 
tion of fluid from the uterine wall, and probably it is produced 
by the same cause in the case of Peripatus. 

I have two uterine eggs in which the nucleus was absent. 
In one of them the shell adhered closely to the protoplasm of 
the egg, and was not separated from it by a space as is the 
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case in older eggs; the protoplasm formed a very clear reti- 
culum, the strands of which stained well and anastomosed with 
one another to form a very definite network, on and occa- 
sionally between the strands of which small, round, highly 
refractive, deeply-staining bodies are present. The spaces 
between the strands are sometimes occupied by a granular 
faintly-staining substance, which is probably a coagulum. In 
this ovum there was no trace of any structure in the least 
comparable to a nucleus. 

In the other non-nucleated ovum the strands of the proto- 
plasmic reticulum are very clear, but the highly refractive 
particles are not present, but there are some angular homo- 
geneous bodies present in the protoplasm. A transverse section 
of this ovum is shown in fig. 10. As is there figured at one 
point on the surface a slight prominence is present, and in it 
there are a few fine threads of chromatin lying at right angles 
to the surface of the ovum. This may be caused by the 
entering in of a spermatozoon, but I am not able to state this 
definitely. A similar structure was present in one or two 
other ova, but in no case was it so clear as to enable me to 
state definitely that the process was one of fertilization. At 
first sight it might appear to be due to the formation of a 
polar body, but I do not think it is so, as in all the cases 
which I have of that process, which I shall describe below, the 
appearances are quite different to the above. 

The next stage is that at which the germinal vesicle is again 
present ; as to its formation and origin I have no observations. 
A transverse section through an egg of such a stage is shown 
in fig. 12. In it the protoplasmic reticulum is very clearly 
shown with small chromatin granules lying on the strands. 
On the periphery at one side in the middle of the long axis of 
the ovum there is a small mass of dense protoplasm, which at 
its edges passes into the loose reticulum of the ovum. In its 
centre it is somewhat denser, and a few chromatin granules are 
there cut through, while in a few sections respectively before 
and behind the chromatin the protoplasm shows indications of 
a radiate arrangement which is due to the stars at the ends of 
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a spindle, the chromatin representing the nuclear plate. The 
spindle in this case is cut transversely to its long axis, the 
section figured passing through the chromatin of the nuclear 
plate. Fig. 11 represents a section through an ovum of similar 
stage, in which the spindle is cut vertically ; in this case the 
spindle lies with its long axis at right angles to the surface of 
the ovum beneath which it lies. The same spindle is shown 
more highly magnified in fig. 15. 

The spindle next changes its position so as to lie parallel 
to the surface of the ovum; this is shown in fig. 16. 

The chromatin of the nuclear plate separates into two layers, 
a condition which is shown in fig. 17; and the two plates of 
chromatin leave the centre of the spindle and gradually approach 
its two ends respectively. A spindle at this stage is shown in 
fig. 18. 

A protuberance now appears on the surface near one end of 
the spindle, into which the latter passes, and by a gradual con- 
striction this protuberance becomes separated off and forms 
the first polar body, the chromatin of the spindle still remaining 
clearly visible in it. Owing to the long axis of the spindle 
being parallel to the surface of the ovum, the polar body does 
not lie directly above but to one side of it (v. figs. 16 and 19). 

The nucleus now returns to a resting stage (v. figs. 19 and 
20 a), when it has an oval form, stains slightly deeper than the 
surrounding protoplasm, and contains several chromatin bodies. 
It does not at this stage possess a clear or deeply staining wall. 
The nucleus at this stage is shown in fig. 19, where also the 
position of the first polar body, to one side of and not directly 
above it, is also shown. | 

The nucleus now again assumes the spindle form, and the 
second polar body is formed in a manner exactly similar to 
the first. 

In fig. 11 the male pronucleus is seen to be present lying at 
the opposite side of the ovum from the germinal nucleus. It is 
very small and oval, and contains a small amount of chromatin. 
It lies quite at the periphery of the ovum, close within the 
eggshell. The protoplasm round it is marked with striz 
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which radiate from the pronucleus towards the centre of the 
egg. 

In all the other ova of P. capensis in which the formation 
of polar bodies was taking place, I was unable to see any pro- 
nucleus, although I believe that that structure must be present 
in them, since it seems certain that fertilization must take 
place in the ovary. In several cases there were special aggre- 
gations of protoplasm, in one of which the male pronucleus 
may have been present, although I was not able to distinguish 
it, and I am inclined to think that for a short time after 
entering the ovum it is invisible, possibly from a lack of 
chromatin. 

In the next stage, when the polar bodies are both formed, 
the male and female pronuclei are both present as very well- 
marked structures. Two sections through an egg of this stage 
are shown in figs. 14a and 145. Fig. 14a passes through the 
second polar body and the female pronucleus ; the former lies 
in a depression on the surface of the ovum and is not com- 
pletely separated from it, being connected with its proto- 
plasmic reticulum; it contains three chromatin granules. 
Just below it lies the female pronucleus, which is now in the 
resting condition, and has begun to assume the lobed structure, 
which was described by Mr. Sedgwick (15) as being so charac- 
teristic of the segmentation nuclei, and is divided by a septum 
into two compartments, in each of which are a few chro- 
matin granules. It is not surrounded by any special dense 
protoplasm, but its wall is continuous with the general loose 
reticulum of the egg. Fig. 14 6, which is several sections 
removed from fig. 14a, passes through the male pronucleus, 
which is now a very prominent feature in the egg. It is 
round in shape, and lies near the centre of the egg, being con- 
nected with the periphery at the side removed from the female 
pronucleus by a denser mass of protoplasm, which in transverse 
section is roughly wedge-shaped. In these two figures only 
the protoplasm in the neighbourhood of the pronuclei is figured. 
Seen under a high power, the male pronucleus is seen not 
to be sharply marked off from the extra-nuclear substance, 
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strands connecting the two being clearly visible. I have 
found the male pronucleus in this condition in three ova of 
P. capensis. 

I have seen no ova of P. capensis in which the union of 
the pronuclei is taking place, though I shall shortly describe 
one of P. Balfouri, in which the male and female pronuclei 
lie close together in the centre of the ovum, and are apparently 
about to conjugate. In the next stage of P. capensis the 
union has apparently taken place, and the nucleus is a large 
lobed structure lying some little way from the periphery. It 
is not surrounded by a large and definite mass of denser pro- 
toplasm, but only by a very narrow layer, which almost imme- 
diately passes off into the loose reticulum which fills up the 
rest of the ovum. 

In the next stage the segmentation nucleus is fully formed ; 
it lies near the periphery, and is surrounded by a specially dense 
mass of protoplasm, which, as Mr. Sedgwick (15) has stated, 
causes the dark patch which is seen on these ova, by means of 
which, even after preservation, the pre-segmentation ova can 
be readily distinguished from those in which the segmentation 
nucleus is present. I have not figured ova of this stage, as 
Mr. Sedgwick (15) has already done so (v. Pl. XII, figs. 8 
and 11). 


PERIPATUS BALFOURI. 


The phenomena connected with the maturation and fertili- 
zation of the ovum in P. Balfouri are very much the same 
as in FP. capensis, and therefore I shall merely describe the 
differences between the two, and one or two stages which I 
have found in the former, which were wanting in the latter. 

Structure of the Ovary.—A section through one half 
of the ovary is shown in fig. 22; its structure in the main is 
the same as that of P. capensis, but the germinal area is 
much narrower, being confined to a narrow strip along the 
outer side of each ovarian tube. The non-germinal epithelium 
is also very much thinner; and, in fact, has the appearance of 
a membrane with small bulgings on it caused by the nuclei. 
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Ovarian Ova.—Three ova of December are shown in 
fig. 22, and are very similar to the September ones of 
P. capensis; in fact, up till nearly the beginning of April, 
the ova of the two species are indistinguishable. 

Fig. 23 is from a section of an ovum in which the germinal 
vesicle has acquired the full size which it attains while still in 
the centre of the ovum, The germinal vesicle has a somewhat 
different structure from that of P. capensis of the same stage 
(cf. fig. 8); it has a groundwork which has no structure, and 
does not stain, but is fairly definitely marked off from the rest 
of the egg, while in it lies a deeply-staining, irregular network, 
which has a rather coarsely granular appearance, and a round 
excentric large nucleolus, or germinal spot. Small round, 
highly refractive yolky particles were present in the egg 
protoplasm. 

The next ovum which I have figured is shown in fig. 24; 
unfortunately it had become broken off from the ovary before 
it was cut, so that I could not see its relation to its stalk or 
follicle. It was round in shape; it had a thick shell, which was 
broken in one place, probably at the point of attachment to the 
ovary. There was no trace of a germinal vesicle or germinal 
spot. The protoplasm formed a loose reticulum with a granular 
structure, and through it were scattered round homogeneous 
bodies, which I believe to be yolk, but I have no observations 
on their origin. 

Uterine Ova.—In the youngest ova in the uterus there is 
no sign of germinal vesicle or male pronucleus. The proto- 
plasm forms a loose reticulum and contains yolk-spheres. 

The reappearance of the germinal vesicle and the formation 
from it of two polar bodies takes place as in P. capensis. 
In two ova in which the formation of polar bodies was taking 
place, the male pronucleus was present as a small chromatin 
body lying at the periphery of the ovum opposite the side 
where the germinal vesicle was situated, and surrounded by a 
small zone of clearer, less deeply staining protoplasm than that 
of the main part of the ovum; this condition of the male pro- 
nucleus is shown in fig. 21. There was no radiate arrange- 
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ment of the surrounding protoplasm such as was observed in 
the very young male pronucleus of P. capensis. The next 
appearance of the male pronucleus is similar to that shown for 
Peripatus capensis in fig. 14 6, where it lies near the 
centre of the egg and is large and nearly spherical. A section 
through such an ovum of P. Balfouri is figured by Mr. 
Sedgwick (15) (Pl. XII, fig. 1), and consequently I have not 
thought it necessary to draw it again. 

Fig. 25 is from a section through an ovum in which the 
male and female pronuclei lie near the centre of the ovum, 
and are apparently about to unite. The female pronucleus 
does not stain, with the exception of its wall, and some chro- 
matin particles which are present in it; it consists of several 
lobes separated from one another by prolongations of the wall 
inwards. The male pronucleus stains very deeply, and, like 
the female, has a lobed structure and contains some chromatin 
granules. The protoplasm round the pronuclei is rather 
denser than over the rest of the ovum. Yolk-spheres are 
scattered in the protoplasm. 

The actual union of the pronuclei I have not seen. The 
resulting segmentation nucleus is similar in all respects to that 
of P. capensis. 


Peripatus Nov@-ZEALANDIA. 


The differences between the stages passed through in the 
maturation of the ovum of the Cape and New Zealand species 
are considerable, owing mainly to the large amount of food-yolk 
in the latter. 

Structure of the Ovary.—The ovary resembles that of 
P. capensis in structure. It is attached, however, along its 
whole length to the ventral wall of the pericardium, instead of 
by its front end only as is the case in the Cape species. In 
one ovary from an animal which was opened in December, 
there was a good deal of yolk, which lay mostly just below the 
non-germinal part of the epithelium. A transverse section 
through this ovary is shown in fig. 26; the only connection 
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between the two sides of the ovary throughout their middle 
region is by means of the wall of the pericardium to which 
they are both attached. The yolk is coloured yellow. There 
are never any spermatozoa in the ovary, these being in the 
receptaculum seminis, which is present in this species. In all 
but a very few cases I have found the receptaculum tightly 
packed with spermatozoa. 

Ovarian Ova.—dAs in the other species the ova arise from 
the nuclei of the germinal epithelium. 

The youngest egg which I have observed was situated on the 
outer side of the germinal epithelium bordering on the body- 
cavity. The protoplasm, which was granular, formed a narrow 
band surrounding a nucleus which stained more deeply, and 
was coarsely granular. A nucleolus was present, placed almost 
centrally. 

The egg grows in size, both nucleus and cell-substance 
taking part in the process. The nucleus acquires a vacuolate 
structure, the substance between the vacuoles staining deeply 
and having a homogeneous appearance ; the nucleolus also has 
grown slightly. The egg projects from the ovary, being situa- 
ted at the end of a short stalk which is formed from some of 
the cells of the germinal epithelium. 

The egg continues to grow, and a further change takes place 
in the character of the nucleus, which consists in the aggregation 
of the deeply staining vacuolated tissue towards its periphery, 
thus leaving a small central area round the nucleolus. 

This aggregation progresses still farther and the tissue loses 
its reticular character and forms for the nucleus a solid widish 
wall, which is homogeneous and stains deeply. The centre of 
the nucleus does not stain, with the exception of an irregular 
faintly staining reticulum, and the nucleolus which is placed 
about in its centre. The nucleolus is round, stains very 
deeply, and contains some small vacuoles and a number of 
small round bodies which stain even more deeply and are very 
highly refractive. The egg-protoplasm at this stage is granular, 
and contains numerous verysmall yolk-globules, which resemble 
those which are present in the Cape species at a similar stage, 
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and seem to arise in the protoplasm itself. A transverse 
section of an ovum at this stage is shown in fig. 27. As will 
be there seen, the egg is now surrounded by a thin shell. 

The nucleus now loses its evenly spherical form and becomes 
crinkled in outline. This appears to be due to the passage out 
from it of portions of its substance which pass into the extra- 
nuclear tissue in the form of round bodies of various sizes. 
These bodies, like the portion of the nucleus from which they 
are formed, are perfectly homogeneous, and stain with picro- 
carmine a deep yellowish red. This process is shown in 
fig. 28. The small yolk-globules are still present (coloured 
yellow). The shell has increased in thickness. 

This process continues until all the wall of the nucleus is 
dispersed, the central clear part appears to blend with the egg- 
protoplasm, and the nucleolus remains behind lying in the 
protoplasm. This condition is shown in fig. 29. The round 
spheres derived from the nucleus remain unchanged. I believe 
that these round spheres form part of the yolk of the 
ovum, which question I shall further discuss later on in this 
paper. 

All the above stages were very common and occurred to a 
greater or less extent in all the ovaries which I cut of April, 
July, and December, but the older stages, which I shall now 
describe, were only found in the ovary in December, and not in 
either April or July, a fact which supports the statement which 
I made in a previous paper (16) that the ova probably pass into 
the oviduct in December. 

Fig. 31 represents a transverse section through an ovum in 
which a small amount of yolk is present; this is coloured yellow 
in the diagram. A very obvious thing in this ovum is the 
entire absence of any definite boundary line between the follicle 
and the ovum itself, in fact, they pass into one another imper- 
ceptibly. There is a small amount of yolk present in the form 
of scattered spheres throughout the protoplasm of the ovum, 
which latter has a reticular and vacuolate character. There 
are also in the protoplasm small round or oval nuclei which in 
every respect resemble those of the follicle, and it seems almost 
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certain that these must have migrated from the latter, a process 
which would be simple in the absence of any separation between 
the ovum and the follicle. A few yolk-spheres were present in 
the tissue of the follicle itself. There was no trace of any 
germinal vesicle or germinal spot. The shell was thin. This 
ovum measured 3 mm. in its greatest diameter ; as I neglected 
to measure these eggs before cutting, I am not able to state 
their length. 

At the next stage on which I have observations, and which 
was found in an ovum from the same ovary as the last, there 
is a considerable increase in size, the ovum measuring *5 mm. 
in diameter. This increase seems to be due principally to a 
much greater abundance of yolk-spheres in it, the protoplasm 
being distributed among them as a very loose or sparse reti- 
culum. The most remarkabie fact about the ova of this stage 
is that the stalks by which they are connected with the ovary 
are hollow. One of these eggs is shown, in section, in fig. 32. 
As is there shown, the wall of the follicular stalk thins out 
where it reaches the ovum, and passes imperceptibly into its 
wall. In the hollow of the stalk there are a large number of 
yolk-spheres and a few nuclei, resembling those of the walls 
of the stalk, which appear to be passing down it into the ovum 
from the ovary, which contains in its cavity a large amount of 
yolk, as is shown in fig. 26, which represents a transverse 
section through this ovary. There are a few nuclei of the walls 
of the stalk, which appear to be about to be detached and 
pass into its cavity. There are none of these small nuclei in 
the deeper part of the ovum, from which I infer that they, 
together with those which had migrated from the follicle in the 
previous stage, became converted into yolk. 

In the next stage, a transverse section through an ovum of 
which is represented in fig. 30, there has been a slight increase 
in size, the diameter being 56 mm. This ovum is completely 
filled with yolk, and no protoplasm is present, except in the 
form of a large, nearly round nucleus, which lies just beneath 
the point of attachment. This nucleus stains deeply and uni- 
formly, with the exception of a few more deeply staining 
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threads and chromatin granules. The ovum is completely sur- 
rounded by a thin shell, which separates the ovum from its 
stalk. The egg-protoplasm is completley obliterated by the 
closely packed yolk-spheres, and there is no trace in it of nuclei 
from the follicle or stalk, these having probably become con- 
verted into yolk. 

This is the oldest ovum which I have found attached to the 
ovary. The youngest ovum which I found in the uterus con- 
tained no nucleus, was surrounded by a thick shell, and was 
closely packed with yolk. 

The subsequent stages, from that in which the first seg- 
mentation nucleus is present, have been described in a previous 
paper (16). 

I have never observed the formation of polar bodies in this 
species, nor have I ever observed them on the surface of the 
ovum in later stages, as might be expected, if they were 
present. 

I have never observed the process of fertilization, nor do 
I know where it takes place; but from the fact that I have 
never found spermatozoa in the ovary, while they are very 
plentiful in the receptacula seminis, I would suggest that 
the egg is fertilized in the oviducts in the region of the 
receptacula. | 

I have never found an ovum either in the ovary or upper 
part of the oviducts, and it is very probable that, from the large 
amount of food-yolk in the egg, a spermatozoon after entering 
it would easily be obscured from notice. 


Summary of Events in the Maturation and Fertili- 
zation of the Ovum of P. Capensis and P. 
Balfouri. 


1. The ovary consists of a pair of tubes lying parallel to one 
another and uniting anteriorly. Posteriorly they also unite 
into a short common duct, which almost at once divides into 
the two oviducts. The ovarian tubes are lined along the inner 
side by a flat epithelium, which is thinner in P. Balfouri 
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than in P. capensis, and on the outer by the thick germinal 
epithelium, which is narrower in P. Balfouri than in P. 
capensis. 

2, The ova arise by a growth of some of the nuclei of the 
germinal epithelium ; apparently any of its nuclei may give 
rise to ova, 

3. The ova by July le at the surface of the ovary, with 
which they are connected by short thick stalks. Each ovum 
has a large, round, central nucleus with an excentric nucleolus, 
surrounded by a layer of protoplasm which is not separated 
from the protoplasm of the germinal epithelium. 

4, By September the stalks have increased in length, so that 
the eggs project farther into the body-cavity. The ova have 
increased in size and are surrounded by a thin shell on all 
sides. 

5. The ova continue to increase in size, and small round, 
highly refractive granules of yolk appear in the protoplasm. 
The nucleus or germinal vesicle of P. capensis has a uniform 
granular structure, that of P. Balfouri does not stain with 
the exception of a deeply-staining irregular network in it. An 
excentric nucleolus or germinal spot is present. 

6. The nucleus passes to the periphery, and is large and 
round, and almost homogeneous, with only slight traces of a 
reticulum. 

7. The germinal spot disappears. 

8. The wall of the germinal vesicle becomes irregular in 
outline and then disappears, its contents becoming fused with, 
and indistinguishable from, the cell-substance. In P. Balfouri 
yolks-pheres have made their appearance. 

9. The ovum becomes detached from the follicle, which has 
grown all round it, so lying in a hollow vesicle. 

10. It probably passes down the stalk into the ovary and 
there becomes fertilized, since the ovary is full of spermatozoa, 
and thence makes its way into the uterus. This passage has 
not been observed. 

11. The youngest uterine ovum observed has no nucleus. 
In one such ovum a projection containing threads of chromatin 
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was present on the surface of the egg, which projection may 
have signified the point of entrance of a spermatozoon. 

12. A small spindle appears at one point at the periphery of 
the egg. A male pronucleus is present at the opposite side ; 
it is very small, with a few small chromatin particles and a 
radiate arrangement of the protoplasm round it. 

13. The spindle divides, forming a polar body, a second being 
subsequently formed in the same way. The process is appa- 
rently one of normal indirect nuclear division. 

14, The remainder of the spindle remains in the egg as the 
female pronucleus. It lies a little distance from the surface, 
and is lobed. The male pronucleus is a large round body 
lying near the centre of the ovum, and in P. capensis is 
connected with the side removed from the female pronucleus 
by a wedge-shaped mass of protoplasm, which is denser than 
that of the rest of the egg. 

15. The two pronuclei approach the centre and lie close 
together. They are both lobed (only observed in P. 
Balfouri). 

16. They probably conjugate, though the process has not 
been observed. 

17. The resulting nucleus, which is the first segmentation 
nucleus, passes to the periphery. It is large and lobed, and 
soon becomes surrounded by a large mass of dense protoplasm. 


Summary of Events in the Maturation of the Ovum 
of Peripatus Nove-zealandiz. 


1. The ovary resembles that of P. capensis in structure. 
Spermatozoa are present in the receptacula seminis and not 
in the ovary. Yolk was present in the ovary in one case. 

2. The ova arise by a growth of any of the cells of the 
germinal epithelium. They are attached to the ovary by 
stalks which are formed from the cells of the germinal epithe- 
hum. 

3. The nucleus of the ovurn is at first coarsely granular and 
contains a nucleolus which is placed almost centrally. 
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4. The nucleus becomes vacuolate. 

5. The vacuolate tissue of the nucleus passes to its border 
and there forms a thick wall; the centre of the nucleus in 
which the nucleolus lies is clear and does not stain. 

6. The wall of the nucleus loses its vacuolate structure and 
becomes solid and homogeneous. 

7. During these changes in the nucleus the ovum has 
increased in size, the shell has become thick, and small round, 
highly-refractive yolk-granules have arisen in the protoplasm 
of the cell. 

8. The nucleus acquires an irregular outline, which is caused 
by peripheral portions of its substance passing out into the 
cell plasma, where they are visible as spheres of various sizes. 

9. The whole of the nucleus with the exception of the 
nucleolus breaks up in this way ; the spheres to which it gives 
rise probably become metamorphosed into yolk. 

10. The protoplasm becomes vacuolate, the boundary between 
the egg and its follicular stalk disappears, and nuclei pass from 
the latter into the substance of the former. The nucleolus is 
not visible. 

11. The follicular stalk becomes hollow, and nuclei from its 
walls, and yolk pass along it into the ovum from the ovary. 

12. The follicular nuclei are no longer visible and probably 
become transformed into yolk. 

13. A large nucleus appears in the ovum, lying near its 
point of attachment to the stalk, the boundary between the 
two being again established. The origin of this nucleus is not 
known. 

14, The youngest ovum in the uterus has no nucleus visible. 

15. The origin of the segmentation nucleus is unknown. 

16. No polar bodies have been observed. 


GENERAL CONSIDERATIONS. 


Recently much work has been done on the subject of the 
origin of the ova and the phenomena of maturation and ferti- 
lization. I shall not attempt here to give a complete review 
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of the subject, but shall merely touch upon some observations 
of previous observers which seem to have a bearing on the 
course of events in Peripatus, and call attention to those 
points in the latter which appear to me to be of special 
interest. 

For the sake of convenience I have arranged these points 
under separate headings. 

The only observations which have hitherto been made on the 
ovarian ova of Peripatus are by Stuhlmann (17) on the species 
P. Edwardsii, and the account given by him is very incom- 
plete. 


Origin of the Ova from the Germinal Epithelium. 


As I said above, the ova arise from the germinal epithelium 
by a process of simple growth of any of its nuclei and an aggre- 
gation of protoplasm round them. There are no cell outlines 
in the germinal epithelium, a condition which Stuhlmann (17) 
also states to exist in all the ova which he examined; and 
there is no distinction between such nuclei as will or will not 
give rise to ova. 

There is no formation of nutritive and follicle cells from the 
germinal vesicle of the ovum such as is described by Will (19), 
as taking place in Colymbetes fuscus, or by Balbiani (1) 
in Geophilus, but the cells of the stalk and follicle are simply 
some of the ordinary nuclei of the germinal epithelium which 
have this function instead of that of becoming ova. 

The germinal spot is present from the beginning in the ovum, 
being visible as soon as the latter begins to grow beyond the 
size of the ordinary nuclei of the germinal epithelium. It is 
always easy to distinguish it by its size from the rest of the 
chromatin of the germinal vesicle, and I never found more 
than one germinal spot. Will (19) and Scharff (18) in the ova 
of Colymbetes and osseous fishes respectively, both state that 
a special nucleolus or germinal spot is not present from the 
beginning, and hence conclude that it possesses no special 
morphological importance. Although it is present from the 
beginning in Peripatus I do not wish to maintain that its 
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presence points to its possessing any special function, since I 
am not able to trace any such, and it appears to be completely 
absorbed before the disappearance of the nucleus, and does not, 
as Blochmann (5) describes in Neritina fluviatilis, break 
up and given rise to the chromatin particles of the nuclear plate. 


Disappearance of the Germinal Vesicle. 


The existence of a stage in the ripening of the ovum in 
which no nucleus is visible has now been described in almost 
all eggs whose maturation has been at all completely investi- 
gated. In many of these cases the mode of disappearance has 
not been observed, but in most of those in which the process 
has been seen it is similar to that which I have described in 
Peripatus capensis and P. Balfouri, namely, that the 
nucleus loses its round shape, its outline becomes irregular, 
and by the loss of its membrane its contents mingle with and 
finally become indistinguishable from the protoplasm of the 
egg. Between this stage and that at which the nucleus is 
again visible, when it is small and in the spindle stage about 
to bud off the second polar body, there is no trace of the ger- 
minal vesicle in the ovum. I wish here to draw attention to 
the fact that my observations were made on complete series of 
sections of well-preserved ova, so that the probability of my 
having overlooked it is not great. ‘This mode of disappearance 
has been described by Henking (10) in Phalangeden, and by 
Stuhlmann (17) in a considerable number of insects. The 
loss of the nuclear membrane is also described by Scharff (13) 
as occurring in some osseous fishes, although he does not state 
that all trace of the nucleus disappears. Lankester (12) also 
describes a stage in the ovum of Sepia in which no germinal 
vesicle is present. 

Blochmann (5) describes in Neritina fluviatilis the loss 
of the nuclear membrane, and consequent mingling of the 
nucleo- and egg-plasma, but states that the germinal spot 
remains, and, breaking up, gives rise to the chromatin of the 
nuclear plate. This certainly cannot be the case in the Cape 
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species of Peripatus, since the germinal spot disappears before 
the germinal vesicle. 

Stuhlmann suggests that the disappearance may have some 
connection with the presence of yolk in the egg, since he has 
observed it in all insect eggs in which yolk is present in large 
quantities, but not in Aphides and Cecidomya, in which yolk 
is absent. Its disappearance in Peripatus capensis, how- 
ever, in which no yolk is present, goes against this theory, 
unless it is to be regarded as a survival from the time when yolk 
was present in the ovum. On the other hand, it is supported 
by the observations of Will (20) and Scharff (13), who state 
that some of the yolk is derived from the germinal vesicle, 
and by the phenomena which I have described in P. nove- 
zealandiz; but these points will be discussed later under 
the Formation of the Yolk. 

Stuhlmann (17) has not observed the disappearance of the 
germinal vesicle in P. Edwardsii, but this may be due to the 
incompleteness of his researches in this species. 

The double disappearance of the germinal vesicle in P. nove- 
zealandiz is, so far as I know, unparalleled, and I am unable 
to offer any explanation of it. The first disappearance seems 
to be that which is homologous with that which commonly 
occurs in ova, and its mode of disappearance will be discussed 
later on. The details of the second disappearance are quite 
unknown, and at first sight it would appear that the nucleus 
shown in the ovum in fig. 30 was the first segmentation 
nucleus; but that this is not the case seems certain from the 
fact that a large proportion of the unsegmented ova which were 
found in the uterus were without any nucleus, and it is not 
easy to conclude that this condition was abnormal since the 
ova were found in several different parents, and were preserved 
in several ways. The only case in which, so far as I know, a 
double disappearance has been described, is that of Millepora, 
in which Mr. Hickson (11) states that the nucleus is dispersed 
before and after the formation of the polar bodies ; but since 
in P. nove-zealandiz I have observed no polar bodies, it 
is not possible to compare the two cases. 
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The Formation of the Polar Bodies. 


The formation of both polar bodies takes place in the same 
way, and the process is evidently one of perfectly normal indi- 
rect nuclear division, there being no trace of the phenomena 
described by van Beneden (4) in Ascaris megalocephala; 
but it is needless to discuss these further, since they have been 
since contradicted by Carnoy (7). One peculiar point is the 
direction of the spindle, being parallel to the surface of the 
ovum, and not at right angles to it, the result being that the 
polar body does not lie immediately above but to one side of the 
germinal vesicle. Whether this is a point of any importance I 
am not able to state; but so far as I have been able to deter- 
mine, its direction does not exert any influence on the subse- 
quent history of the ovum. In all cases, as far as I know, 
which have been hitherto described, the spindle lies at right 
angles to the surface, and consequently the polar bodies lie 
immediately above the germinal vesicle. 

That the polar bodies have all the characters of true cells I 
think there can be no doubt, since, as is shown in figs. 20 a, 
b, the first polar body is exactly similar in structure to the 
ovum itself, from which it differs only in size. Both its 
nucleus and the surrounding protoplasm possess all the cha- 
racters of those of the ovum, and it is perfectly clear that not 
only one end of the spindle but also the protoplasm round it, 
are extruded in the polar body. 

Contrary to the account given by Fol (8) for Asterias 
glacialis, the germinal vesicle, after budding off the first polar 
body, passes through a resting stage, as is shown in figs. 19 and 
20 a, and the end of the spindle does not become transformed 
at once into a second spindle. 

The entire absence of polar bodies in P. nove-zealandie 
militates against Weismann’s (18) theory as to their meaning, 
which is based on the hypothesis that two are found in all 
fertilized, and one in parthenogenetic ova. It is possible that 
they may have escaped my notice, but it seems hardly likely 
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that if they existed I should have seen no trace of them, since 
they were in every case very prominent objects in both the 
Cape species; and even if the bodies themselves had become 
artificially detached, the depression in which they lay would have 
been visible and also the stage of the nucleus preparatory to 
their being budded off from it. Besides, the numerous cases 
described by Stuhlmann (17) in which they were absent, and 
it is hardly possible that he could have missed them in so 
many cases, point to the conclusion that they are not universally 
present in fertilized Arthropod eggs. The two polar bodies 
in the Cape species are exactly similar to one another, 
a condition which might hardly be expected if their meanings 
were so different as Weismann (18) suggests. 

Their presence in the Cape species and the absence in the 
New Zealand one suggests that they are in some way dependent 
on the yolk, since this is the main difference between the eggs. 


Formation of the Yolk. 


The question as to the origin of the yolk has received con- 
siderable attention, and various observers have brought forward 
several theories as to its mode of formation. The principal of 
these are : 

(1) That the yolk arose in the protoplasm of the egg itself. 
This view was upheld by Professor Balfour (2). Stuhlmann 
(17) states that this occurs in the Arthropod ova which he 
investigated. 

(2) From the breaking up of the germinal vesicle, As far 
as I know this mode of origin has only been recently described 
by Will (20) and Scharff (18). 

(3) From the follicle cells (inner capsule) as described by 
Lankester (12) in Sepia, by Will (20) in Nepa, and by 
Beddard (3) in Lepidosiren. 

P. nove-zealandiz is interesting as affording an example 
of ova in which the yolk is formed in all these three ways, all 
three being very clearly seen in sections of the ova. 

The yolk also arises from a fourth source, viz. from yolk 


OVUM IN THE CAPE AND NEW ZEALAND PERIPATUS. 25 


which is present in the ovary itself. This yolk is most plentiful 
just beneath the thin part of the ovarian wall, and is scarcer 
just below the germinal epithelium. It is possible that this is 
comparable to the condition found in Platyhelminthes, where 
a special part of the female organs is occupied in the formation 
of yolk, while in the form Macrostomum (2), as in P. nove- 
zealandiz, the function is actually performed in part of the 
ovarian tube itself instead of a special gland being set aside 
for it. I have no observations as to the origin of the small 
amount of yolk in the Cape species, but this is of little interest 
as it is obviously only a remnant of the large amount which is 
present in the New Zealand species. 
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EXPLANATION OF PLATES I, II, & III, 


Illustrating Lilian Sheldon’s paper on ‘‘ The Maturation of 
the Ovum in the Cape and New Zealand Species of 
Peripatus.” 


All the figures were drawn from the sections with Zeiss’s camera lucida. 
The degree of magnification, or the powers under which they were drawn, are 
mentioned after the description of the figures. In those which were drawn 
under an immersion lens the details were examined under Powell and Sealand’s 
apochromatic oil immersion lens n.a, 1°40, eyepieces 10 and 20. 


Alphabetical List of Reference Letters. 


C.O. Cavity of ovarian tubes. ol. Follicle. Fol. Nw. Follicle nuclei. 
G. Hp. Germinal epithelium. G.§. Germinal spot. G. 7. Germinal vesicle. 
I. Ep. Epithelium lining ovary. M/. Nucleolus. Nw. Nucleus. 0. &. 
Outer epithelium of ovary. O.8. Egg-shell. Ov. Ovum. P. 6.1. First 
polar body. P. 4.2. Second polar body. Ped. Peduncle attaching ovum to 
ovary. Per. Wall of pericardium. Pro. g. Male pronucleus. Pron. 2. 
Female pronucleus. Sp. Spermatozoa. 


Fic. 1.—Transverse section of the ovarian tubes of Peripatus capensis 
at the end of April, after the ova have passed into the uterus. C. O. Cavity 
of ovarian tube. G. Hp. Germinal epithelium. Per. Wall of pericardium. 
Sp. Spermatozoa. Zeiss, oc. 2, obj. B. 

Fic. 2.—Section of a small portion of the wall of the ovarian tube of P. 
capensis at the endof April, highly magnified. J. Hp. Epithelium lining 
the cavity. O. Hp. Outer epithelium. Zeiss, oc. 2, Reichert’s th oil imm. 

Fic. 3.—Section of a portion of the germinal epithelium of P. capensis 
in July. C. O. Cavity of ovarian tube containing spermatozoa. G.S. Ger- 
minal spot. G.V. Germinal vesicle. Ov. Ovum. Zeiss, oc. 3, obj. CC. 

Fic. 4.—Section of a portion of the germinal epithelium of P. capensis 
in September. Letters as in Fig. 3. Zeiss, oc. 3, obj. C C. 

Fic. 5.—An ovum and its attachment, from the same ovary as Fig. 4. G. 8. 
Germinal spot. G.V. Germinal vesicle, O. 8. Egg-shell. 

Fic. 6.—Nucleus of an ovarian ovum of P. capensis shortly before its 
disappearance, showing its crinkled outline. Greatest length of nucleus ‘045 
mm. Wz. Nucleus. 0.8. Egg-shell. Zeiss, oc. 2, Reichert’s 2-th oil imm. 

Fic. 7.—Last stage of the nucleus in P. Balfouri before its complete 
diappearance. Zeiss, oc. 2, Reichert’s 3,th oil imm. 
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Fie. 8.—Two ovarian ova of P. capensis of April; in one the nucleus 
and nucleolus are still present, in the other both have disappeared, and the 
ovum lies loose in its follicle. ol. Follicle. /. Nucleolus. Nw. Nucleus. 
O. S. Egg-shell. Ped. Peduncle. 


Fig. 9.—Ovarian ovum of April of P. capensis shortly before the nucleus 
disappears, showing its peduncle and follicle. ol. Follicle. Nw. Nucleus. 
O. S. Egg-shell. Ped. Peduncle. Magnified 600 diameters. 


Fie. 10.—Ovum of P. capensis shortly after it has passed into the 
uterus; the nucleus is absent ; a small prominence on the surface is present, 
which may be the point of entrance of the spermatozoon. Magnified 600 
diameters. 


Fie. 11.—Section of an ovum of P. capensis. The male pronucleus is 
just formed; the nucleus is in the spindle stage, preparatory to budding off 
the first polar body. Prox. g. Male pronucleus. Nw. Nucleus. Magnified 
600 diameters. 


Fic. 12.—Ovum of P. capensis, in which the nucleus is again present 
after its disappearance in spindle form. The spindle is seen in transverse 
section. Magnified 600 diameters. 


Fic. 13.—Ovum of P. capensis, in which the nucleus is in the spindle 
stage after budding off the first polar body. Nw. Nucleus. P.d.1. First 
polar body. Magnified 600 diameters. 

Fie. 14a and 6.—Two sections through an ovum of P. capensis. 

Fig. 14@ shows the nucleus and the second polar body, which has just 
been budded off. 

Fig. 144 shows the male pronucleus lying in the centre of the ovum. 
The sections from which the two figures are drawn are separated by 
twelve intervening ones. P. 4.2. Second polar body. Prox. g. Male 
pronucleus. Vz. Nucleus. Magnified 600 diameters. 

Fics. 15—20.—Consecutive stages, showing the changes undergone by the 
nucleus in the formation of the polar bodies. Zeiss, oc. 2, Reichert’s 5th 
oil. imm. 

Fig. 15. The nucleus in spindle stage, before the formation of the first 
polar body. The chromatin forms an equatorial plate. 

Fig. 16. The equatorial plate is divided into two bands. (This is in the 
formation of the second polar body.) 

Fig. 17. The chromatin bands are completely separated, and are approach- 

‘ing the ends of the spindle. (From P. Balfouri.) 

Fig. 18. The chromatin lies at the ends of the spindle-fibres. 

Fig. 19. The first polar body is just separating from the ovum, the spindle- 
fibres are still visible in the polar body. P. 4. 1. First polar body. 

Fig. 20a and 4. Two sections slightly removed from one another, show- 
ing the resting condition of the nucleus after the formation of the 
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first polar body. The histological characters of the polar body (Fig. 
204) are precisely similar to those of the nucleus and its surrounding 
protoplasm. 
- Fre, 21.—Male pronucleus of P. Balfouri shortly after its formation. 
Pron. 3. Male pronucleus. Zeiss, oc. 3, Reichert’s 7;th oil imm. 


Fic, 22.—Transverse section through one half of the ovary of P. Balfouri 
in December. C. O. Cavity of ovarian tube. ol. Follicle. G. S. Germinal 
spot. G.V. Germinal vesicle. Ov. Ovum. Zeiss, oc. 3, obj. C C. 

Fie. 23.—Ovum of P. Balfouri of April, while the nucleus is still in the 
centre. Letters as in Fig. 22. Magnified 600 diameters. 


Fic. 24.—Ovarian ovum of P. Balfouri after the disappearance of the 
nucleus. Magnified 600 diameters. 


Fic. 25.—Ovum of P. Balfouri, in which the male and female pronuclei 
lie close together and are apparently about to conjugate. Magnified 600 
diameters. 

N.B.—The remaining figures are of P. nove-zealandie; in them the 
yolk is coloured yellow. 

Fic. 26.—Transverse section of the ovary of P. nove-zealandiex. C.O. 
Cavity of ovarian tube. Ov. Ovum. Per. Wall of pericardium. Zeiss, oc. 
3, obj. A. 

Fic, 27.—Ovum of P. nove-zealandiz, in which the germinal vesicle 
is central and has a homogeneous regular wall. o/. Follicle. G.S. Germinal 
spot. G. V. Germinal vesicle. O. 8. Eggshell. 

Fic. 28.—Ovum of P. nove-zealandie, in which the germinal vesicle 
has a crinkled outline. Letters as in last figure. 


Fie. 29.—Ovum in which the germinal vesicle has broken down. 


Fic. 30.—Ovum with large excentric nucleus and great mass of yolk, from 
a December ovary. 

Fie. 31.—Ovum in which the germinal vesicle is absent, showing the passage 
into the ovum of nuclei of the follicle. o/. Follicle. Fo/. Nw. Nuclei from 
the follicle in substance of ovum. Ov. Ovum. 

Fig. 32.—Ovum in which the peduncle has become hollow, and yolk appears 
to be passing down it from the cavity of the ovarian tubes. 
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A Comparative Study of Striated Muscle. 
By 


William A. Haswell, WH. A., D.Se., 
Lecturer on Biology, University of Sydney. 


With Plates LV and V. 


THERE are very many discrepancies between the statements 
which we find in the writings of various observers as to the 
distribution of striated muscular fibres in the various classes 
of Invertebrata. These discrepancies are due partly to defective 
methods of investigation and misinterpretation of the appear- 
ances observed, but partly also to the want of a distinct under- 
standing as to what constitutes ‘striation’? in muscle. 
Clearly our conception of striation in muscular fibres is derived 
originally from the study of the tissues of the voluntary 
muscles of Mammalia and the Frog, and the limb-muscles of 
Insects, since it was in these that the striation was first 
observed, and it is in these that the nature of striation has 
been invariably investigated. Now what are the essential 
characteristics of striated fibres in such instances? They are 
five in number. 

1. A striated muscular fibre in these cases consists of a 
bundle of narrower elements, the fibrils, which are capable by 
certain methods of treatment of being isolated from one 
another. 

2. The whole substance of the fibre is composed of two series 
of transverse segments, the anisotropous and isotropous series, 
differing in optical properties and affinity for certain dyes, 
which alternate with one another, the segments of the one 
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series being doubly refracting and readily affected by hema- 
toxylin or carmine (anisotropous segments) ; while those of 
the other set are singly refracting and are not readily stained 
(isotropous segments). 

3. Running transversely across the whole fibre in the middle 
of each singly refracting segment is a network or membrane, 
the transverse network, or Krause’s membrane. 

4. Running between the fibrils are a number of delicate 
threads, for the most part longitudinal in direction, consti- 
tuting the longitudinal networks. 

5. Each fibre is, so far as known, formed originally from a 
single formative cell, the nucleus of which undergoes division, 
giving rise to a multinucleated protoplasmic body! by modifica- 
tion of whose protoplasm the muscle substance and networks 
are formed. 

Now we find described as striated in many instances muscular 
fibres which want some of these characteristicsof striated muscle 
as seen in the Arthropoda and Vertebrata without the essential 
differences between the two sets of elements being noticed, 
the fact of transverse striation being regarded as the one 
essential point to be determined in classing the muscle. 

There are, in fact, to be recognised and distinguished two 
principal types of striated fibres, which may be termed the 
simple type and the compound type. I propose in the present 
paper to deal only with the latter of those two types, reserving 
the simple fibres for treatment in aseparate paper. The latter 
have, for the most part, only a single nucleus, and differ from 
the non-striated fibres of the same animal only in their 
substance presenting transverse markings. These transverse 
markings in the muscle substance are due in different instances 
to widely different peculiarities of structure. In no Case is 
there any evidence that they depend on the presence of trans- 
verse networks similar to those of the compound fibres. 


1 Remak, Lebert, Kolliker, Wilson Fox. 
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Compound Striated Fibres. 


In these the fibre is derived from a protoplasm-particle the 
nucleus of which undergoes multiplication; the protoplasm 
subsequently becoming mainly converted into two kinds of 
substance, the general material of the fibres, which is usually 
regarded as being the contractile substance, and the material 
of the transverse and longitudinal networks. The former of 
those two sorts of material, the contractile substance, is 
probably derived from the more homogeneous and fluid part of 
the protoplasm of the formative cell—the hyaloplasm of 
Strasburger ; the latter from the lattice-work or network of 
less fluid threads—the spongioplasm of Leydig.! The former 
substance assumes two forms, differing in optical characters and 
in behaviour to staining agents like the two varieties of the 
substance in the simple striated fibre, and these two forms 
are arranged in alternating zones throughout the length of the 
fibre. The fibre is readily split up longitudinally into a number 
of narrower elements—the fibrils—the lines separating which 
are in some cases quite distinct in the living fibre. The longi- 
tudinal networks run between the fibrils, the direction of the 
threads being for the most part longitudinal, though there are 
numerous oblique strands and frequent anastomoses. The 
transverse networks, on the other hand, though they partly run 
in the interspaces between the fibrils, penetrate also, as will be 
shown subsequently, through the substance of the fibrils them- 
selves. There is a transverse network in the middle of each 
singly refracting segment, and by means of these the fibrils are 
placed in intimate connection throughout the whole length of 
the fibre. At the same time the transverse and longitudinal 
net-works are in perfect continuity. 

Compound striated fibres are only found in the Vertebrata, the 
Arthropoda, and certain Polycheta. The tissue presentsnumerous 
varieties, mainly dependent on differences (1) in the number 
of fibrils in a fibre, (2) in the number, closeness, and fineness 
of the transverse networks, (3) in the amount of indifferentiated 


' « Altes und Neues tiber Zellen und Geweben,” ‘ Zool. Anz.,’ 1888. 
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protoplasm present in the fully-developed fibre and its relation 
to the contractile substance ; and (4) on the presence or absence 
of a sarcolemma. 

The number of fibrils in a fibre varies in extreme cases to a 
very great extent, there being instances of fibres consisting of 
only about half a dozen fibrils, and others in which the fibrils 
constituting a single fibre are extremely numerous. 

In the closeness and fineness of the transverse networks there 
are also considerable differences, and the two qualities run 
more or less exactly parallel: the less the distance between the 
transverse network the finer they are. The finest and most 
numerous striations are to be found in the muscular fibres of 
the higher Vertebrata, the coarsest in those of the Chzetopoda, 
the fibres of the Arthropoda occupying an intermediate 
position in these respects. 

The amount of protoplasmic matter which in the adult 
fibre is not differentiated either into contractile substance or 
muscle-networks is in the muscular fibre of the Vertebrata 
usually very small in amount, consisting for the most part of 
a patch on which the motorial end-plate rests, with, in some 
instances, other patches lying between the fibrils. The same 
holds good of the muscular fibres of many Arthropoda. But 
many of the latter (many Spiders for instance, and some 
Insects) have running through every fibre a nucleated core 
of protoplasmic material which is the remnant of the formative 
substance of the muscle-cell. In the Chzetopoda this core is 
of considerable extent as compared with the thickness of the 
muscle-substance, and it contains the nerve-endings as well 
as a reserve store of formative material. 

The most primitive form of compound striated fibres is that 
found by myself in the gizzard of various species of Syllis, 
and described generally in a paper in the ‘ Quarterly Journal 
of Microscopical Science’ for 1886.1. I am _ inclined to 
think that the two species (Syllis corruscans and Syllis 
Schmardiana) in which I mainly worked out the structure 


1 “Qn the Structure of the so-called Glandular Ventricle (Drisenmagen) 
of Syllis.” 
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of the “‘ gizzard,” are forms which exhibit the striated character 
of the muscle in an exceptionally strongly marked form, since 
the striations in European species have been overlooked by 
various observers (e.g. Hisig') who had given the subject 
their attention previously, and have not been recognised by 
others (e.g. St. Joseph?) who have looked for them since. In 
fact, though I have not found any Australian member of the 
genus Syllis in which these striations are not distinguish- 
able, there are some in which they are very few in number and 
not strongly marked, so that but for the knowledge derived 
from a study of the species named above one might very 
readily overlook them; and in the genus Gnathosyllis of 
the same family the muscle is entirely unstriated. 

Emery? has more recently described striated fibres of a pecu- 
liar type occurring in another Polychet, viz. Nephthys 
scolopendroides, and forming a complex system of narrow 
bands. These are broad fibres, more or less cylindrical in 
cross section, and enclosed in a delicate sarcolemma with scat- 
tered nuclei, but have, according to Emery, neither nuclei in 
their interior nor axial granular substance, nor any other pro- 
toplasmic residuum. Their contractile substance is very 
readily broken up into slender fibrils, which show a typical 
striation with alternating, less highly refracting and less 
readily coloured, and more highly refracting and more readily 
stained, transverse zones. The striations are not straight, but 
pursue a zigzag course across the fibre. Each muscular band 
or cord Emery describes as being developed from a single 
flattened cell which produces on one of its faces a lamina of 
striated muscle-substance. 

I have only had at my command a preserved specimen of 
Nephthys scolopendroides which is not in a favorable 


1 * Ueber das Vorkommen eines Schwimmbiasenahnlichen Organ bei Anne- 
liden,”’ ‘ Mittheil. aus der Zoologischen Station zu Neapel,’ ii Band. 

2 « Tes annélides polychetes des cotes de Dinard,” ‘ Ann. des Sci. Nat.,’ - 
Zool., vii® série, tome 1 (1887). 

3 «Tntorno a la moscolatura liscia e striata della Nephthys scolopendroides,” 
‘ Mittheil, aus der Zool. Station zu Neapel,’ vii Bd. (1887). 
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state for microscopic examination. So far as my observations 
on this species extend, they agree entirely with Emery’s de- 
scription. The tissue is at once recognisable in my specimen, 
when the body-cavity is opened from above and the alimentary 
canal removed, as a silvery-looking delicate cord running 
along the middle ventral line, and giving off at regular in- 
tervals series of radiating branches which pass in amongst the 
ordinary muscular tissue of the body-wall and parapodia. 
The cord and its branches are remarkable in the preserved 
specimen for their brittleness, almost resembling in this 
respect and in their appearance delicate threads of spun glass. 
Treatment with Heidenhain’s hematoxylin brings out the 
alternate zigzag bands of stainable and unstainable material, 
but does not reveal any trace of transverse membranes. 

In Syllis the gizzard has the form of a cask or a short 
cylinder. The striated muscular fibres which make up the 
greater part of the wall of this organ are arranged in a 
radiating manner in a series of transverse (annular) rows. 
In Syllis corruscans (figs. 1—3) the fibres are of, com- 
paratively speaking, large dimensions, being ‘5 mm. in length 
and ‘16 mm. in greatest breadth. In shape each fibre may be 
described broadly as cylindrical; but the ends are hexagonal, 
the outer end is broader than the inner, and there is a longi- 
tudinal fissure along the greater part of the length of each 
side; the ends, which are comparatively broad surfaces at 
right angles to the long axis of the fibre, are firmly implanted 
into thin strata of non-striated muscle. The muscular sub- 
stance composing the walls of this cylindrical fibre is formed 
of fibrils! about ‘(003 mm. in diameter, arranged parallel with 
one another and each running the whole length of the fibre. 
It is made up of alternating zones or segments of singly 


1 The term fibril is used here in all cases to designate those elements of 
compound striated muscle, the bundles of which, united together by continous 
transverse networks, constitute the fibres; the fibrils in turn may show 
indications of being made up of a number of much smaller elements, the 
fibrillules. To avoid confusion the elements of the transverse and longitu- 
dinal networks are called threads or filaments, 
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refracting and doubly refracting material, the latter staining 
darkly with hematoxylin or carmine, the former not at all. 
Of these segments there are in the species under consideration 
from fifteen to twenty of each kind in the fibre; the doubly 
refracting zone is on an average ‘025 mm. in breadth and the 
singly refracting ‘(0083 mm. Running transversely through 
the fibre at right angles to its long axis is a narrow layer in 
the middle of each singly refracting segment which is doubly 
refracting ; this is Krause’s membrane, the transverse network 
of Retzius. These transverse networks have a quite measur- 
able thickness, being on an average 0:0027 mm. in thickness. 
The distance between successive networks, averaging 0:0333 
mm., is very great as compared with the corresponding mea- 
surement in Arthropoda and Vertebrata, where it does not 
exceed 0:005 mm. in any cases that I have examined;! and in 
fact the striation in Syllis corruscans, though it cannot be 
seen with the naked eye, can be made out with a pocket-lens 
magnifying four or five diameters. 

These transverse networks are visible as rows of granules in 
the fresh fibre ; in fibres treated with bichromate of potash and 
examined in glycerine they become more distinct, being marked 
off sharply from the surrounding substance by their refrangi- 
bility and by their yellowish colour; it becomes evident in 
such a preparation that we have to do with transverse parti- 
tions running through the whole thickness of the muscle sub- 
stance. 

In bichromate of potash specimens strongly stained with 
hematoxylin by Heidenhain’s method (figs. 1 and 2) the 
transverse networks become much more darkly stained than 
other parts of the muscle, and thus become very prominent. 
In such preparations, either teased and crushed by blows on 
the cover-glass or cut into thin sections, it becomes evident 
that in the transverse networks we have to do with partitions 
which lie partly in the interfibrillar spaces, partly in the 


1 Engelmann, however (“ Contractilitat und Doppelbrechung,” ‘ Pfliiger’s 
Archiv,’ xi), states that the thickness of the isotropous layer in the 
Arthropoda is sometimes 0°005 mm., and even more, 
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substance of the fibrils themselves. The appearances 
exhibited in fig. 5 will always present themselves when fibrils 
which have been sufficiently stained are isolated or nearly 
isolated—the line of the transverse network running through 
the substance of all the fibrils. Little pointed processes which 
project from the networks and lie between the fibrils become 
also visible in such preparations; these are distinguishable 
also in unstained bichromate of potash specimens. 

It is, however, by means of chloride of gold and formic acid 
that most. light is thrown on the nature of these transverse 
networks. But in drawing inferences from preparations made 
with these re-agents it is very necessary to check the results 
by a comparison with others prepared by other means; the 
fibres prepared in this way become greatly swollen, their 
length becoming increased by about a fifth and their breadth 
in even a higher ratio; so that in examining such prepara- 
tions the possibility of erroneous deductions as to structure 
being drawn from alterations brought about by the acid must 
be kept steadily in view. 

On looking at the glycerine preparation of the muscle treated 
with chloride of gold and formic acid (fig. 3), and comparing it 
with a fresh specimen, the most striking change that will be 
noticed is in the lateral contour; the fibres are almost inva- 
riably greatly dilated between the networks, so that the latter 
have the appearance of constricting girdles binding the fibrils 
together. This swelling of the general substance of the fibrils 
must involve a considerable strain on the transverse networks, 
and the result, as we shall see, is apparently in some instances 
a rupture of some of the elements of the networks. In parts 
of the fibres which are not greatly altered the transverse net- 
work presents the appearance of a band of granular spindle-like 
or oval bodies lying between the fibres, their long axes parallel 
with that of the fibre (fig. 13). Each of these granular bodies 
is connected with its neighbours by a number of delicate, thread- 
like processes (fig. 10). When a preparation in which the trans- 
verse networks have become strongly stained is crushed in 
glycerine under blows on the cover-glass the fibres often break 
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across transversely along the line of the transverse network 
(fig. 11), and in such a case it becomes clearly visible that the 
whole of the latter is a close reticulum of delicate threads, of 
which the granular-looking oval or spindle-shaped bodies are 
only condensed parts; and it becomes clearly evident also that 
the trabecule of the network freely invade the substance of the 
fibrils. 

Besides rendering evident the nature of the transverse net- 
works, the chloride of gold also brings into view a series of 
longitudinal and oblique threads running between the fibrils ; 
these are the threads of the longitudinal networks (figs. 7—10, 
13, 14). These threads mostly join the oval or spindle-shaped 
bodies of the transverse networks ; often a thread runs straight 
from one transverse network to the next, and may be traced 
through several, the spindles with which it is connected appear- 
ing to form a chain (fig. 13). In many instances the threads 
by which these bodies are connected together transversely into 
a transverse network are not to be distinguished, and the 
transverse network presents the appearance of a transverse line 
of oval or spindle-like bodies with more or less strongly marked 
outlines (figs. 9 and 15). This appearance must, I think, when 
comparison is made with fresh specimens and specimens pre- 
pared by other methods, be put down to the swelling and rup- 
ture by means of the formic acid; if the action goes a little 
further the bodies of the transverse network become much 
enlarged, with very well-marked outlines, and the longitudinal 
threads may also become greatly swollen (fig. 16). 

Oval bodies not unlike those above described are formed in 
similarly treated muscular fibres of the Frog ; but in the latter 
case they have nothing to do with the transverse networks, but 
are simply the altered nuclei of the muscle-corpuscles.! 

1 Compare Thin, “On the Structure of Muscular Fibre,” ‘Quart. Journ, 
Mier. Sci.,’ xvi (1876); Leydig, ‘‘ Ueber Tastkorperchen und Muskelstruc- 
tur,” ‘Miiller’s Archiv’ (1856); Bottcher, “Zur normalen und pathologischen 
Histologie der Muskeln,” ‘ Virchow’s Archiv,’ xiii (1858); Macallum, ‘On 
the Nuclei of the Striated Muscle-Fibre in Necturus lateralis,” ‘ Quart. 
Journ. Micr. Sci.,’ vol. xxvii; Sezelkow, “ Zur Histologie der quergestreiften 
Muskeln,” ‘ Virchow’s Archiv,’ xix (1860), 
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These hollow striated muscular fibres are, as already men- 
tioned, radial in their arrangement. They are arranged in 
regular transverse (annular) rows in the wall of the cylindrical 
gizzard, their broad outer ends (which are hexagonal) fitting 
in closely together, the narrower inner ends also being in close 
contact. Through the middle, or nearly through the middle, 
of the basal ends of all the fibres of each row there runs a 
narrow fasciculus of non-striped muscle (fig. 17), which thus 
forms a loop round the outside of the cylindrical gizzard, the 
completeness of the loop, however, being interrupted along two 
longitudinal lines—the dorsal and ventral raphes—where the 
fibres of neighbouring loops interlace. The outer end of the 
central core of each striated muscular fibre, just internal to the 
corresponding loop of non-striated muscle, is occupied by a large 
ganglion-cell (figs. 17—20). This ganglion-cell is very clearly 
visible in the fresh state, owing to its containing numerous 
granules of ared pigment.!_ Hach cell contains a Jarge vesicular 
spherical or oval nucleus, or several, each nucleus having a single 
spherical nucleolus. The protoplasm of the cell sends out a 
large number of radiating processes, which penetrate between 
the bundles of fibrils, branching repeatedly, so as to give rise 
to a complex system of very fine threads. The processes thus 
given off from the ganglion-cell run partly parallel with the 
outer surface of the gizzard; but some also are given off from 
the inner aspect of the cell, and run obliquely inwards between 
the bundles of fibrils, or are continued directly inwards along 
the core. Of the latter series of processes there is usually one, 
or there may be two, in each fibre ; they branch again and again, 
and their branches seem to become lost among the threads of 
the network of the core, to be described presently. The sub- 


1 The same pigment occurs in many of the tissues of the worm—in the 
nerve-cord, the hypoderm, the epithelium of the alimentary canal and of the 
segmental organs, the ova and the mother-cells of the spermatozoa; ona 
spectroscopic examination it does not present the absorption bands character- 
istic of hemoglobin, and thus differs from the red pigment in the pharynx of 
Aphrodita (Ray Lankester, “ A Contribution to the Knowledge of Hemo- 
globin,” ‘ Proc. Roy. Soc.,’ xxi (1872), 
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stance of the ganglion-cells is found, when hardened and 
examined in sections (fig. 20), to be permeated by a system of 
excessively fine threads. These are partly arranged in vortices 
around the nuclei, and from this they are continued in a radiat- 
ing direction to the bases of the processes which they enter, 
each process seemingly being made up of bundles of these 
threads. 

The ganglion-cell forms only a small part of the core of the 
fibre. All the rest is occupied by a granular protoplasmic 
material, throughout which there runs a network of very fine 
threads, forming the network of the core (see fig. 1) ; these 
threads are connected with annular or stellate cells, having very 
distinct nuclei. The protoplasmic core with its network sends 
off processes which enter the larger fissures in the muscle sub- 
stance, and fine branches from these are continuous with the 
interfibrillar substance and its longitudinal threads; but the 
nuclei are only to be found in the central core and the larger 
fissures, there being none in the substance of the muscle. 
This network of the core is, perhaps, to be regarded as 
a supporting tissue for the protoplasmic core; though it 
is also intimately connected with the fine branches of the 
nerve processes of the ganglion-cell and with the networks 
of the muscle substance. Special branches of the nerve pro- 
cesses, however, ramify over the surface of the latter, and often 
follow the lines of the transverse networks, with which they 
probably enter into connection. 

Each of the ganglion-cells in the outer end of the core of 
a fibre communicates with each of its two adjoining neighbours 
of the same row by a single unbranched process (figs. 18 and 
19), and all the ganglia belonging to one row of fibres are thus 
united together into a chain which runs immediately underneath 
the corresponding loop of non-striped muscle. Like the latter, 
the chains of ganglion-cells are all interrupted along the line of 
the dorsal and ventral raphes, which are at right angles with 
them. Here they join a thicker longitudinal band of a pig- 
mented protoplasmic substance, similar to that of the chains 
themselves, which runs along the raphe, and, when traced to 
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the anterior and posterior ends of the gizzard, is found to be 
a specialised part of the visceral system of nerves, becoming 
continuous, both in front and behind, with the ordinary nerves 
of that system. 

It remains to be mentioned that a layer of material similar 
to that which forms the main part of the core of the fibre is 
found also on the outer surface, and that processes from the 
ganglion-cells and its offshoots penetrate right through 
between the bundles of fibrils to enter this investing layer. 

It will be at once recognised that we have in these striated 
fibres of the gizzard of Syllis corruscans, structures of 
precisely the same character as the striated muscular fibres of 
the Arthropoda, the only differences of importance being in 
the mode of innervation, and in the arrangement of the undif- 
ferentiated protoplasm in relation to the muscle-substance. 
But the elements of the fibre are on a much larger scale than 
in the muscle of the Arthropoda, and what is only seen with 
difficulty in the latter, and by the use of the highest powers, 
can be seen very readily here, and with the use of only mode- 
rately high objectives. This is, therefore, a very favorable 
case for the examination of the minute structure, and the 
study of it seems to lead, as above indicated, to that view of 
the structure of compound striated fibres advocated by 
Retzius,! Bremer,’ Melland,®? C. F. Marshall,‘ and others; 
the only point of importance in which there seems to me 
reason for dissenting from that view, being with reference to 
the relations of the transverse networks to the fibrils. 

An important question which suggests itself when one is 
studying the structure of this peculiar striated muscular tissue 

1 « Zur Kenntniss der quergestreiften Muskelfaser,” ‘ Biologische Unter- 
suchungen ” (1881), ‘ Hofmann u. Schwalbe’s Jabresbericht’ (1882). 

2 “ Ueber die Muskelspindeln nebst Bemerkungen tiber Structur Neubil- 
dung u. Innervation der quergestreiften Muskelfaser,” ‘ Arch. f. Mikro. Anat.,’ 
xxii Bd. (1883). 

3 A Simplified View of Striated Muscle,” ‘Quart. Journ. Micr. Sci.’ 
(1885). 

4 «On the Structure and Distribution of Striped and Unstriped Muscle in 
the Animal Kingdom,” ‘ Quart. Journ. Micr. Sci.,’ xxviii (1887), 
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in Syllis corruscans, is that of its relationships with the 
tissue of the corresponding organ in other Polycheta. A 
division of the alimentary canal corresponding exactly with 
the “ gizzard” of Syllis is found in a great number of errant 
Annelids. In all, however, of the forms I have examined, 
containing representatives of a considerable variety of families, 
the wall of this muscular part of the pharynx is composed 
entirely of the ordinary non-striated muscular fibres. This 
holds good even of families such as the Hesionidz, which are 
nearly related to the Syllide; and even of a genus, Gnatho- 
syllis, belonging to that family itself. There can be no 
doubt, then, that these two forms of tissue, taking the same 
place in the same organ in nearly related forms, are, directly 
or indirectly, genetically related to one another; and there 
can be just as little doubt, I think, that the striated muscular 
tissue, so exceptional in animals of this class, has been formed 
by modification of the ordinary non-striated fibres. We have, 
then, to look out for some intermediate modifications between 
Tyrrhena or Hesione, in which the wall of the gizzard 
consists of homogeneous doubly refracting non-striated fibres, 
and Syllis corruscans, with its highly developed striated 
fibres. 

Such intermediate modifications are to be found in certain 
species of Polynoé and in various species of the genus 
Syllis. The muscular portion of the pharynx of Polynoé 
corresponds in outward appearance very closely with that of 
Syllis, and this similarity extends to the function and mode 
of action of the organ,! as well as to the outward form. In 


1 The powerful character of the muscular wall of this organ seems at first 
sight in favour of the view that it is of the nature of a gizzard, and that its 
chief function is to crush objects taken in at the mouth as food. But an 
examination of the animals and their movements in the living condition has 
convinced me that, if this is a function of the organ, it is not the principal 
one; the gizzard-like structure is before everything a sucking organ. 
Under certain circumstances the anterior part of the pharynx of Syllis will 
be found protruded ; when fully everted it forms a proboscis, the anterior rim 
of which is surrounded by a circlet of soft flattened papilla, while projecting 
forwards on one side in line with the long axis of the body is the single sharp 
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Polynoé as in Syllis, the surface of the thick muscular wall 
of the organ is marked with a series of regularly arranged 
transverse annular lines which divide the surface into a cor- 
responding series of annular bands; these lines are inter- 
rupted, as in Syllis, along two longitudinal lines or raphes, 
the dorsal and the ventral. On making sections of the organ 
in Polynoé, the transverse lines are found to be due to the 
same thing as in Syllis, viz. to the presence of narrow 
annular bands of non-striated tissue, each accompanied by a 
delicate nerve branch. The main thickness of the muscular 
wall is composed in Polynoé, asin Syllis, of radiating 
fibres, which are subdivided into a series of annular zones at_ 
their outer ends by the annular loops; but in the former 
genus these radiating fibres are of the ordinary fine non- 
striated tissue. In longitudinal sections (figs. 25 and 27) the 
correspondence between the rows of compound striated fibres 


tooth. When a specimen has the proboscis thus protruded, a slight but quite 
distinct snapping sound is often heard; and on examination it is found that 
with each repetition of this there is a rapid inrush of water through the 
mouth, followed by a less rapid regurgitation, by which bubbles of gas may 
pass out. The water is drawn in bya sudden dilatation of the lumen of the 
“ gizzard,” and the “snap” is a consequence of this by the internal surfaces 
of the lateral walls, formerly in close apposition, being suddenly drawn apart. 
At the moment when this sudden enlargement of the lumen takes place the 
drawing forwards of fluid from the hinder part of the alimentary canal is, in 
great measure at least, prevented by the constricting of the posterior opening 
of the “gizzard” into the intestine, which becomes almost closed, and thus 
the effect is a strong suction through the mouth. 

The object of these arrangements of parts and this mode of action seems 
sufficiently clear. Syllis is carnivorous, feeding on small Crustacea and the 
like. When the prey is very small it may be simply sucked into the pharynx 
and driven on further into the intestine by peristalsis. When a larger object 
is attacked, the circlet of papilla, being applied to the surface, form a broad 
rim at the end of the proboscis, and, the sucking action of the gizzard 
coming into play, the sharp tooth, which is probably a poison-fang, will be 
driven into the object attacked. 

The action of the organ in Polynoé is in essence the same, except that 
the movement of the muscular wall is less rapid, and there is no audible 
“snap; the effect is probably similar, objects being by this means brought 
within reach of the teeth in order to pass on to the intestine. 
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in the case of Syllis, and the zones of simple non-striated 
fibres in Polynoé, becomes very obvious, and it becomes clear 
that not one but a bundle of the fine non-striated fibres is 
the equivalent of the compound fibre of Syllis. 

This, however, seems but a slight advance on the way from 
the gizzard of Hesione to that of Syllis corruscans. But 
there is another important point to be noticed about the 
radiating fibres in some species of Polynoé. It is that when 
examined with the polariscope the fibres are found not to be 
optically homogeneous, but to be divided with perfect regu- 
larity into two nearly equal halves (fig. 25), an outer singly 
refracting portion and an inner doubly refracting ; moreover 
the inner doubly refracting half is much more darkly stained 
by hematoxylin than the outer. Near the middle of the 
external singly refracting zone are situated the nuclei of the 
fibres. These are approximately on a level in all the fibres, so 
as to form a transverse line running through the singly 
refracting zone. They are extremely narrow, spindle-like 
bodies, which lie in the axis of the fibres, with a small amount 
of surrounding protoplasm (fig. 26). 

In Syllis nigropunctata the gizzard (figs. 21 to 23) has 
essentially the same structure asin S. corruscans. There 
are the same hollow columns of muscle with the ganglion-cells 
and the core of granular protoplasm with its network of 
delicate threads and nuclei. But there is only a single 
transverse network in each fibre. This runs through a 
singly refracting zone crossing the middle of the fibre, with, 
on either side of it, a doubly refracting segment, succeeded 
again at the extreme outer ends of the fibres by singly refract- 
ing zones. In Syllis kinbergiana (fig. 24) instead of one 
transverse network in each fibre there are three, with cor- 
responding zones in the muscle substance. In a fourth 
species, S. schmardiana (fig. 4), the fibres have all the cha- 
racters presented by those of the other species, but the 
transverse networks are from five to nine in each fibre. 

The inference to be drawn from these facts seems very 
obvious. In the same organ of related forms we have, taking 
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the same place, in one case bundles of fine non-striated fibres, 
distinguishable into internal and external zones of different 
optical properties ; in another compound hollow fibres, consist- 
ing of bundles of fibrils similar to the fibres in the first case, 
but more closely united and bound together by a single trans- 
verse network crossing a median singly refracting zone of the 
muscle substance; in a third similar compound fibres with 
three transverse networks ; in a fourth the same with seven to 
nine; and in a fifth similar fibres, but with fifteen to twenty 
transverse networks, and undistinguishable from the fibres of 

triated muscle found in the Arthropoda and Vertebrata. It 
seems at all events highly probable, in view of these facts, that 
the striated muscular fibre, as we find it in Syllis corruscans, 
was derived from bundles of fine non-striated fibres, and that 
the fibrils of the latter represent the fibres of the former. The 
mode of formation of the transverse networks is less obvious; 
but I think the facts described above justify us in regarding it 
as probable that the primitive simple transverse network was 
the equivalent of the transverse line of intrinsic nuclei which 
occupy a corresponding position in the bundles of non-striated 
fibres. What the meaning of the division of the non-striated 
fibres in Polynoé into singly refracting and doubly refracting 
portions may be, it is hard to say precisely; but it seems 
highly probable that, like the corresponding division in the 
compound striated fibre, it is connected with a necessity for 
rapid contraction. 

If Engelmann’s view! be correct, that the anisotropous sub- 
stance alone is contractile, and the isotropous substance in 
striated muscle simply receives and transmits nervous impulses 
“to the anisotropous segments, this regular division of the fibres 
in Polynoé must have come about owing to the desirability 
of rapidity and simultaneity in the contractions of the fibres ; 
the outer isotropous half being that in which the nerve-branch 
ends, and being in fact itself virtually a nerve-ending, acts 
regularly and powerfully under stimuli received through the 


“ Contractilitat u. Doppellbrechung,” ‘ Pfliiger’s Archiv,’ xi. 
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visceral nerves in causing the contraction of the anisotropous 
half. 

With the necessity for rapid and simultaneous contrac- 
tion must be connected also the transition from a line of 
internal nuclei running across a bundle of fibres to a trans- 
verse network connecting the fibres together to form a com- 
pound fibre; and the multiplication of the transverse networks 
and alternating zones of muscle substance is only a further 
development in the same direction. 

It would be superfluous to indicate hypothetical inter- 
mediate stages by which the transition from the simple non- 
striated to the compound striated fibres may have been effected. 
But there is an observation of Rohde’s on the ordinary non- 
striated fibres of the body-wall and other parts in Polycheta 
that is of some little significance in connection with this 
question. He finds that in many cases numbers of the simple 
fibres are in contact with, and are apparently developed from 
and nourished by, a single common mass of granular proto- 
plasm—an arrangement which, if it presented itself in a 
regular manner among the radiating fibres of the annular 
bands in the gizzard of such a form as Polynoé, would 
obviously bridge over still more the gap between the two 
equivalent forms of tissue. 


SUMMARY OF GENERAL RESULTS. 


The general conclusions to which these observations appear 
to lead may be summarised as follows: . 

There are two principal types of striated muscle in the 
animal kingdom—the simple and the compound—which are 
not in any way genetically related to one another. 

Compound striated muscular fibres are found in their most 
primitive, as well as in a more highly developed, form in 
certain Polycheta, where they occur as the equivalents of 
bundles of simple non-striated fibres found in a corresponding 
situation in related forms. Each compound striated fibre is 
derived from a bundle of simple non-striated fibres. In its 
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simplest form (in the pharynx of a species of Syllis) the 
compound striated fibre has only a single transverse network 
running through a zone of singly refracting substance situated 
at about the middle of the fibre, with two doubly refracting 
zones, one on either sideof it. In a slightly higher stage two 
other transverse networks are added, one on either side of the 
middle one; in other species of Syllis the fibres present 
from half a dozen to twenty transverse networks. In the species 
(Syllis corruscans), in which the fibres are most highly 
developed, they have all the essential characteristics of the- 
striated fibres of the Arthropoda, differing only in the greater 
coarseness of the fibrils and of the networks. The develop- 
ment of the primitively simple transverse network from intra- 
nuclear filaments of adjacent intrinsic nuclei of the non-striated 
fibres is rendered probable by the correspondence of the trans- 
verse band of nuclei with the transverse network, and the 
replacement of the former by the latter. 


EXPLANATION OF PLATES IV & V, 


Illustrating Mr. William A. Haswell’s paper, ‘A Comparative 
Study of Striated Muscle.” 


PLATE IV. 


Fic. 1.—Isolated compound striated fibre from the “ gizzard” of Syllis 
corruscans, treated with bichromate of potash and stained with Heiden- 
hain’s hematoxylin. x 50. The longitudinal fissure renders visible the core 
of the fibre, with the nuclei of the ganglion-cell and the fine network of the 
core. 

Fic. 2.—A similar fibre, viewed from the anterior or posterior side. 

Fic. 3.—A fibre of the same tissue, treated with chloride of gold, formic - 
acid, and glycerine, under the same magnifying power as the last, showing the 


increase of dimensions and swelling of the muscle-substance due to the mode 
of treatment. 
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Fic. 4.—Isolated fibre from Syllis schmardiana, treated with bichro- 
mate of potash, strongly stained with hematoxylin by Heidenhain’s method, 
and washed with weak potash solution. Seven transverse networks. 


Fie. 5.—A portion of fibre of Syllis corruscans, preserved in 1 per 
cent. bichromate of potash, strongly stained with Heidenhain’s hematoxylin, 
teased and crushed. x 750. ¢r. Transverse networks. 

Fic. 6.—From a transverse section of the gizzard of Syllis corruscans; 
portion of longitudinal section of striated fibre. x 750. ¢r. Transverse 
networks. 

Fie. 7.—Portion of fibre of S. corruscans, treated with chloride of gold 
and formic acid, in which the transverse networks are not stained. 

Fic. 8.—Portion of a gold-chloride specimen of the same, in which the 
transverse networks appear as continuous bands of granular material. x 600. 
tv, Transverse network. 

Fic. 9.—A similar preparation, in which the transverse networks (¢7.) have 
the appearance of transverse rows of isolated spindle-shaped granular bodies. 

Fic. 10.—A similar preparation, in which the connection between the 
spindles by means of delicate trabecule is preserved. 


Fic. 11.—Portion of a preparation of the same tissue, stronly stained with 
chloride of gold and crushed in glycerine, showing the broken end of a fibre 
which has become ruptured along the line of a transverse network (¢7.). 
x 750. 

Fie. 12.—Part of an unbroken fibre from the same preparation. x 750. 

Fic. 13.—Portion of a gold-chloride specimen of the same, in which the 
transverse networks appear to be composed of numerous spindle-like bodies 
closely connected together, their apices prolonged into the threads of the 
longitudinal networks. x 750. 

Fig. 14.—A similar preparation, in which the longitudinal networks and 
their connection with the transverse are more strongly marked. x 600. 

Fic. 15.—Part of a gold-chloride specimen, in which there has been partial 
destruction of the transverse networks, these being represented only by 
transverse rows of spindle-like bodies without connecting trabecule. x 750. 


Fic. 16.—Portion of a preparation in which oval spaces, with well-defined 
walls, appear in the transverse networks, with canals connecting them into 
longitudinal rows. x 750. 

Fic. 17.—Portion of the outer surface of the “gizzard” of Syllis 
corruscans, showing the hexagonal outer ends of the fibres, with the 
ganglion-cells (g.) and their radiating processes. The connecting processes 
between neighbouring ganglion-cells concealed by the annular bands of non- 
striated fibres (av.). x 350. 
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Fic. 18.—Outer ends of two of the striated fibres in situ with the 
ganglion-cell and its processes in focus. a, the connecting processes. 


Fie. 19.—Outer end of half a similar fibre in a chloride of gold specimen, 
showing the ramifications of the processes of the ganglion-cells. a, the con- 
necting processes. 


Fig. 20.—From longitudinal section of the gizzard of Syllis corruscans, 
showing transverse section of half of a fibre towards the outer end. az. 
Annular band of non-striated muscle. x 1000. 


PLATE V. 


Fic. 21.—Transverse section of the gizzard of Syllis nigropunctata, 
stained with hematoxylin. «@. Outer layer of non-striated muscle. 4. Hpi- 
thelium, with cuticle and inner layer of non-striated muscle. x 400. 

Fic. 22.—From transverse section of the gizzard of Syllis nigropune- 
tata, showing one radiating fibre with a single transverse network (¢r.). 
a. Outer layer of non-striated fibres. 0. Epithelium, with cuticle and inner 
layer of non-striated muscle. ~. Nucleus of ganglion-cell. 


Fic. 23.—Portion of a longitudinal section of the gizzard of Syllis 
nigropunctata, including longitudinal section of two fibres with their 
single transverse networks (¢r.), their central core (co.), with the ganglion- 
cell and its nucleus (z.). @ and J, as in preceding. The annular band of 
non-striated fibres (az.) is here (close to the lateral raphe) situated towards 
the inner end of the fibre. 


Fic. 24.—From transverse section of the gizzard of Syllis kinbergiana, 
showing fibres with three transverse networks. co. Core, with large granules. 


Fic. 25.—From a longitudinal (nearly medium) section of the gizzard of 
Polynoé. ss, Singly refracting substance. d. Doubly refracting. x. Band 
of nuclei. az. Annular bands of ordinary non-striated fibres. a and 4, as in 
preceding figures. x 200. 


Fic. 26.—Outer end of isolated fibre from the same, stained with chloride 
of gold. x 600. x. Nucleus. 


Fic. 27.—From a longitudinal section of the pharynx of Polynoé, show- 
ing a portion of one of the annular bands of radiating fibres cut transversely 
near the outer ends in the position of the nuclei. az. Hoop-like bands of 
non-striated muscle. Nuclei all stained black. x 600. 
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Contributions to Animal Chromatology. 
’ By 


Cc. Ae Mac Munn, ™.A., M.D. 


With Plate VI. 


Tue following observations, although they are not as complete 
as one might wish, may yet be found useful to those who take 
an interest in Animal Chromatology. The greater part of 
them is the result of a short visit to the Marine Biological 
Laboratory at Plymouth last'year. Owing to my having been 
provided with only one spectroscope of small dispersion at 
Plymouth, I am unable to guarantee the accuracy of the 
measurements. The chemical laboratory there was not at that 
time yet fully equipped, so that I could not thoroughly examine 
the pigments, but the characters given below are sufficient to 
enable one to form an opinion as to their connexion with other 
pigments. 


EcHINODERMS. 


Is there Spectroscopic Evidence of the Presence of 
Symbiotic Alge in Antedon rosacea? 

Some time ago Dr. P. Herbert Carpenter, F.R.S., suggested 
to me that I should examine Antedon rosacea spectro- 
scopically, so as to determine whether any chlorophyll or allied 
pigment is present. Because if chlorophyll or chlorofucin is 
absent symbiotic algee cannot be present. Dr. Carpenter, in 
the January number of the ‘ Quart. Journ. Micros. Sci.’ for 
1887, discusses this question from the microscopic side, and he 
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comes to the conclusion that Vogt and Yung! had not sufficient 
evidence for their conclusion that symbiotic alge are present. 
The sacculi which become stained red after the death of the 
animal were supposed by these observers to be symbiotic alge, 
and they held that the “‘ pyriform oil-cells ” of Wyville Thomson 
are the migrating amceboid spores of symbiotic alge. These 
were easily seen in the specimens examined by me, but they 
are totally different in shape and structure from any sym- 
biotic alge which I have seen. They appear to be out- 
growths from the surface of the pinnules, the flask-shaped ones 
being attached by the part representing the neck of the flask. 
Some which I measured varied in size from about 10, to5 mu 
in their long diameter, and from 6} to 54 in their short 
diameter. They are mostly homogeneous and of a yellowish- 
green colour ; some seemed to have granular contents, but these 
were of exceptional occurrence. 

I failed to find either starch or cellulose in these pyriform 
bodies. 

It was necessary not only to prove the presence or absence 
of chlorophyll, but also to determine whether Moseley’s ante- 
donin is present. 

Glycerine, water and alcohol readily extracted the red 
colouring matter, but ether failed to do so, as it only became 
faintly yellow. 

The glycerine extract was a fine rose colour. Spectro- 
scopically, a deep layer transmitted red and a little green, and 
in a shallow layer an ill-defined shading occupied the other 
half of green. Ammonium sulphide discharged the colour, 
leaving a faint yellowish tint, but no absorption bands were 
visible. Hydrochloric acid changed the colour to pale yellow, 
the solution showing no bands; and ammonia changed it to a 
faint rose tint. 

The aqueous solution gave the same kind of absorption as 
the glycerine solution, and showed in a thin layer only a faint 
shadow in the green. Ammonium sulphide discharged the 
colour of such a solution, leaving only a faint reddish yellow- 

1 «Traité d’Anatomie Comparée Pratique,’ libr. 7, 8, pp. 519—572, 
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tint, and no bands appeared: Hydrochloric acid, as well as 
acetic acid, also destroyed the colour of this solution. 

The absolute alcohol solution was of a fine rose colour ; a deep 
layer transmitted the red rays and a little of the green, but in 
the deepest layers there was not atrace of a chloro- 
phyll bandinthe red. A shallower depth showed an ill- 
defined shading in the green, best marked towards its blue end. 
Ammonia discharged most of the colour, leaving a faint reddish 
tint and some ill-defined shading at the blue end of green. 
Hydrochloric acid destroyed the red colour, changing it to 
yellow, and the solution now showed no bands. 

The ether solution did not show a trace of a chloro- 
phyll band in red; it was of a pale yellow tint, and in a thin 
layer a faint, ill-defined band was seen at the blue end of green. 
On evaporation it left a yellow residue which became a tran- 
sient dirty green with sulphuric acid, a distinct blue and green 
with nitric acid, and became more yellow with iodine in potassic- 
iodide. Therefore it would appear that the ether removed a 
yellow lipochrome, and left the rose-red pigment untouched. 

So far, then, one may conclude that the intrinsic colouring 
matter of Antedon rosacea is not identical with Moseley’s 
antedonin, which will be described for purposes of comparison 
further on, and that no chlorophyll is present. Therefore 
the absence of symbiotic alge may be safely inferred, 

I expected to meet with chlorophyll after a perusal of Kruken- 
berg’s paper! on the colouring matters of Antedon, entitled 
“Ueber die Farbstoffe von Comatula Mediterranea (Lam.), 
Antedon rosaceus (Frem.),”’ in which Krukenberg refers to a 
band in red evidently helonging to chlorophyll. It would 
appear, however, that he did not take the precaution of removing 
the contents of the stomach before putting the Antedon into 
solvents. The contents of the stomach when squeezed out on 
a glass slip and examined with the micro-spectroscope show 
the dominant chlorophyll band and others well marked, which 
are therefore due to the food. In my experiments I always 
removed the food from the stomach and washed the latter clean 

1 *Vergl. physiol, Studien,’ zweite Reihe, dritte Abth., 8. 88—91, 1882. 
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before extracting the pigment from the rest of the body. 
Krukenberg calls the above red pigment “ Comatulin,” and 
says that it and that of yellow and brown species are soluble in 
sea-water and in diluted alcohol, but insoluble in glycerine, ether, 
chloroform, benzol, bisulphide of carbon, turpentine, and almond 
oil, and that it only goes over into these solvents when water is 
present. I did not dry my specimens completely, which may 
account for the discrepancy in our results. The red, brown, 
and yellow pigments from correspondingly coloured specimens 
of Antedon, all are related to each other according to Kruken- 
berg, and none of them yielded an absorption band. One finds, 
he says, that an extract of red comatulin by dilution becomes 
more yellowish, of yellow more red by concentration ; and if 
one evaporate a red feebly coloured purple solution of 
comatulin (in dilute alcohol) on the water bath and expose 
the residue to the light, the cherry-red colour changes first 
into an insignificant brown yellow, and this behaves ex- 
actly like the pigment obtained from brownish-yellow varie- 
ties of Comatule; it then gets lighter in colour until it 
becomes bleached. Diluted aqueous solutions of comatulin 
also, according to him, suffer a similar change, but alcohol solu- 
tions are more stable. He also says that aqueous and alcohol 
solutions are coloured orange to brownish yellow by hydro- 
chloric and acetic acids, and the colouring matter separates ; also 
that alkalies such as potash or ammonia precipitate the colour- 
ing matter with unchanged colour. Respecting the presence 
of a band in red he says :—‘‘ Lasst man die Comatulen wochen- 
lang in Alkohol liegen, so erhalt man Farbstofflosungen, welche 
mehr oder weniger deutlich ein Absorptionband vor C erken- 
nen lassen; dieses Spectralband Charakterisirt bekanntlich 
Hepatochromate vieler Evertebraten und es ist deshalb sehr 
wahrscheinlich, dass dasselbe auch bei Comatula den Leber- 
zellen entstammt; sicherlich entspricht dasselbe keinem Haut- 
farbstoffe, speciell nicht dem Comatulin, denn ein Spectrum tief 
purpurrrother, rasch bereiteter alkoholischen Ausziige der 
Arme fehlt das Absorptionsband standig.”” The reason why 
the alcohol took a week to extract the so-called “ hepato- 


CONTRIBUTIONS TO ANIMAL. CHROMATOLOGY. 55 


chromate”’ was simply due to the fact that it had to penetrate 
to the food contained in the stomach, and then to gradually 
dissolve it out. The chlorophyll is not due to a “ liver ” here ; 
in other words, it is not an enterochlorophyll, but, as I said 
before, a food product. 

The Antedonin of Antedon (macronema ?),—I 
here take the opportunity of thanking Professor F. Jeffrey 
Bell for his kindness in sending me solutions of various 
colouring matters, and among the rest for a solution in spirit 
of the above. Professor Moseley ! was the first who described 
and named antedonin. He states in the paper referred to in 
the footnote, that various species of Antedon appear to be 
usually either of a rose colour, or of an orange or yellow, 
running into a yellow brown, or of a dark purple. Both the 
rose or red and yellow colouring matters are freely soluble in 
alcohol and usually in fresh water. The coloured solutions 
obtained from a large number of such specimens dredged by 
the “Challenger ” were examined, but none of them yielded 
a characteristic absorption spectrum showing bands. The 
European species also containa colouring matter freefrom bands. 
In Antedon rosacea all the spectrum except red seemed to 
be absorbed. Professor Moseley found a species occurring at 
Suez which yielded a similar spectrum. By dredging in from 
eight to twelve fathoms in the Channel between Somerset and 
Albany Island, at Cape York, Australia, an Antedon was 
obtained in abundance which was of a dark purple colour. 
The colouring matter was insoluble in glycerine, to a large 
extent in fresh water, and abundantly in weak spirit, and gave 
an intense fuchsin-coloured solution. This, when compared 
with that obtained from a deep-sea Holothurian found to 
contain the same colouring matter, was seen to be much redder, 
but it became pinker when diluted with alcohol, and at last 
quite pink and indistinguishable by the naked eye from that of 
the Holothurian. 

The solution when of moderate strength gives, Moseley states, 


1 “On the Colouring Matters of Various Animals, &.,” ‘Quart. Journ. 
Micr. Sci.,’ vol. xvii, 1877. 
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a spectrum consisting of three well-defined absorption bands. 
On using a very weak solution and gradually strengthening it, 
the least refrangible band, being the most intense, appears first, 
and is visible in solutions which appear very slightly tinted 
indeed to the unassisted eye. The other two bands appear 
together. The middle band is at first darkest about x. The 
most refrangible band, which is much less dark than the middle 
one, is of uniform intensity. Neither the red nor violet ends 
of the spectrum are much absorbed. When the solution is 
very strong all these bands become intense ; violet disappears, 
and all the light, except red and yellow, becomes very faint. 
The bands remain as before, except that the middle band now 
appears of uniform intensity throughout. When the solution 
is rendered stronger still, the least refrangible band extends 
gradually up towards p, and the whole of the spectrum 
becomes absorbed except a band of light consisting of red 
with a little yellow. On adding hydrochloric acid to an alco- 
holic solution the colour changes to orange, and the spectrum 
now consists of two bands, one lying to the red side of 5, and the 
other to the violet side of 6 and extending to F. These bands 
are in weak solutions separated by an interval of light. : 
On adding ammonia to an alcohol solution until alkaline, the 
colour changes to deep violet, and a flocculent purple precipi- 
tate is formed, which can be readily separated by filtration. 
This dried precipitate appears as a violet amorphous powder 
insoluble in alcohol and oil of cloves. The spectrum of this 
when mounted in Canada balsam consists of two bands, the 
first before p, the second between p and zu. These are the 
most important points referred to by Professor Moseley. As 
said before, he found a similar pigment in a Holothurian, 
differing in some unimportant points from those given. 

The spirit solution sent to me by Professor F. Jeffrey Bell 
had a deep yellow colour, being orange yellow by gaslight ; it 
gave one band in orange and one in green, and strongly 
absorbed the violet end of the spectrum. A very deep layer 
transmitted only the red rays and showed a narrow faint band 
in red, As the solution was too dilute for spectroscopic 
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observation it was evaporated in vacuo. It left after some 
days’ evaporation a fine red residue, which in thinner parts 
seemed yellow, and had a pleasant smell, recalling that of 
Flustra foliacea. This residue went easily into absolute 
alcohol, forming a fine red solution. A deep layer transmitted 
red only, a less deep gave the bands seen in sp. 1, and a 
shallower still those of sp. 2. These bands gave the following 
readings :—Ist A 598 to A 589, 2nd »A 581 to A 562, and 
3rd in a slightly more diluted solution from A 549 to Xr 
520. 

On adding hydrochloric acid the colour became more 
orange, i. e. less red, and the spectrum changed to that shown 
in sp. 8.1 The bands reading Ist A 589 to X 580, and 2nd, 
probably composed of two bands, from about 549 to A 523, 
the darker part about A 5382—523. 

Ammonia added to an alcohol solution made the colour a 
darker red and caused slight precipitation. A deep layer 
transmitted red only, while in a shallower one a broad, ill- 
defined band in green was seen, sp. 4. When to this solution 
ammonium sulphide was added this band disappeared, but 
no new ones came into view. 

When an alcohol solution was treated with ammonium 
sulphide the fluid seemed redder, and only general absorption 
of all rays except the red was seen. In thin layers a faint 
haze was seen in the green but no bands. 

On treating an alcohol solution with acetic acid it became a 
lighter red, and the spectrum changed as shown in sp. 5, of 
which the bands read :—I1st from \ 597 to A 581 and shading 
to 562, and 2nd in its darker part from A 538 to X 521°5, the 
violet being abruptly absorbed. 

Caustic soda changed the colour of an alcohol solution to a 
darker red, and on diluting still further the colour became 
rose-red. The spectrum was the same as with ammonia 
(sp. 4). 

Nitric acid produced the same effect as hydrochloric, the 


1 In the drawing the first band is shown too near the red; it should just 
touch D, 
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colour changing to orange, and bands like those of sp. 3 
were seen. The dark part of Ist band reading from X 589 to 
579, and having a shading on each side of it; the 2nd band 
extended from A 549 to A 523, with its half towards violet more 
shaded than that towards red. 

Sulphuric acid also changed the colour of an alcohol solution 
to orange, and the bands were exactly the same as with nitric 
acid. The acid spectrum could be changed into the alkaline 
one by an excess of caustic soda. 

The residue left by the evaporation of an alcohol solution 
was freely soluble in ether, chloroform, bisulphide of carbon, 
benzene, and water, but insoluble in glycerine. 

The residue became a kind of violet with iodine in potassic- 
iodide, a dirty yellow brown with nitric acid, and a kind of 
orange with sulphuric acid.} 

Examination of Solutions of Other Crinoids.—In 
May, 1887, Dr. P. Herbert Carpenter, F.R.S., kindly sent me 
some solutions in spirit of various Comatule. Owing to their 
age, having been procured on the “ Challenger,” it is not un- 
likely that their contained pigments had become changed. 
However, I here give the results, as they may be useful for com- 
parison with the above. 

* From Station 192, near the Ki Islands. Several species 
of Antedon.” As this solution was very dilute it was evapo- 
rated in vacuo, and left a deep yellow residue. Dissolved 
in alcohol this furnished a yellow solution approaching to 
orange. In this no bands were visible, but it absorbed the 
violet end of the spectrum. The other characters resembled 
those of the pigment of Antedon rosacea. The residue 
became a dark brown violet with sulphuric acid, and was 
hardly changed by nitric acid. 

“From Station 214, off the Meangis Islands. Various 
species of Antedon.” The yellow solution on evaporation in 
vacuo left a kind of purplish-brown residue which dissolved 
in rectified spirit with an orange colour. It strongly absorbed 


1 My spectra differ in some respects from those of Professor Moseley, but 
his description of the reactions agrees with those recorded above, 
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the violet end of the spectrum but showed no distinct bands. 
There was a feeble shading present in green and a very faint 
one at p; the latter became more distinct on the addition of 
caustic potash, which made the fluid redder. There was not 
enough pigment left for further examination. 

“ Actinometra from Banda.” Dr. Carpenter believes 
it was from this that Professor Moseley got his ante- 
donin. The solution had a faint yellowish-red tint, and 
showed two faint bands in the green which I took for those of 
antedonin. On evaporation in vacuo a dull red residue was 
left, this was soluble in spirit and gave the antedonin bands 
faintly. By the action of acids and alkalies it was evident 
that antedonin, somewhat altered by time, was present. No 
lipochrome could be detected in the residue. 

“A large Actinometra from Banda.” The solution was 
yellow, and on evaporation in vacuo left a violet-brown 
residue soluble in spirit, with a violet-red colour in deep layers 
and orange in thinner ones. It strongly absorbed (when 
dissolved in spirit) the violet end of the spectrum and showed 
no distinct bands. Hydrochloric acid made the colour paler, 
approaching to yellow, and no bands were seen. Caustic 
potash made the fluid redder and caused a faint shadow to 
appear at p, while a precipitate formed. The residue became 
yellow with nitric acid, and brown with sulphuric acid. 

‘““Actinometra paucicirra from Cape York.” The 
spirit solution was deep yellow, and somewhat reddish in a 
deep layer. On evaporation in vacuo it left a red residue 
containing crystals of chloride of sodium. The rectified 
spirit extract was reddish in deep, and yellow in thin layers, 
and this gave a faint antedonin spectrum. The residue was 
also soluble in chloroform, the solution strongly absorbing 
the violet end of the spectrum, and showing some faint bands 
in green. It was also partially soluble in ether, the solution 
showing a faint antedonin spectrum. MHydrochlorie acid 
changed the red colour to yellow; caustic soda intensified the 
colour, and then a feeble shading was seen close to p; ammonia 
produced the same change. 
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“Actinometra stilligera.” A yellowish solution which 
on evaporation in vacuo left a yellowish-brown residue, sol- 
uble in rectified spirit with a yellow colour; this absorbed 
the violet but showed no bands. Hydrochloric acid left the 
colour of the solution unchanged; with caustic potash it 
became a brownish yellow, but showed no bands. The 
residue failed to give the lipochrome reactions. 

Evidently the Antedons contained a pigment related to 
that of A. rosacea, while of the Actinometrz two con- 
tained altered antedonin. The amount of colouring 
matter at my disposal in each case was very small, which 
accounts for the unsatisfactory descriptions. Still in those 
cases where antedonin had been present traces of it could still 
be recognised. 

Holothuria nigra.—The dark brown and the yellow 
pigment of the integument of Holothuria nigra, gave no 
absorption bands. In the blood-vessels I failed to find any 
hemoglobin ; on the contrary, the blood strongly absorbed the 
violet end of the spectrum but gave no bands. The blood- 
colouring matter is soluble in absolute alcohol, forming a deep 
yellow solution, giving an ill-defined band at the blue end of 
the green, beginning to be feebly shaded at about A 526, darker 
at X 507, and extending to about A474. On evaporation it 
left a reddish residue soluble in ether, in chloroform, and 
other lipochrome solvents, and when in the solid state it 
became a transient blue with nitric acid, blue, green, and 
brownish with sulphuric acid, and greenish yellow with iodine 
in potassic-iodide. ‘Therefore, the blood of Holothuria 
nigra contains a red lipochrome like that of certain Crus- 
taceans, as Dr. Halliburton has discovered.! Taken in con- 
nexion with the results of the examination of the organs of 
this animal, this observation is very interesting. 

The Polian vesicle contained a purplish pigment which 
gave an ill-defined band at p, and squeezed out thinly, a shading 
at the blue end of green; when placed in absolute alcohol it 
tinged the alcohol a deep yellow colour, and this solution in a 


1 “ Blood of Decapod Crustacea,” ‘Journ. Physiol.,’ vol. vi, No. 6. 
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deep layer strongly absorbed the violet end of the spectrum, 
transmitting the red and a part of the green; in a thinner 
layer a band was seen from about 4503 to 468 in its 
darkest part, although it really began at about A526. This 
solution on evaporation left an orange residue soluble in ether 
with a yellow colour, and in chloroform with an orange colour ; 
the latter solution showed one band from about 523 to \ 471. 
The residue left by evaporating these solutions was coloured a 
transient blue and greenish by nitric acid, blue and green by 
sulphuric acid, and it was hardly changed by iodine in potassic- 
iodide, so that this rhodophan-like lipochrome differed in no 
essential respect from that of the blood. In the natural state 
the pigment was present as a lipochromogen, as it exists, for 
example, in the hypoderm of Crustaceans or in their exo- 
skeletons, to which I shall have to refer again. 

The respiratory tree showed no band. 

The ovaries were a fine, almost vermillion red; they trans- 
mitted the red and a part of green, and compressed into a 
thin layer a band was seen at the blue end of green. Extracted 
with absolute alcohol they yielded a salmon-coloured solution, 
transmitting in deep layer red and some green, and in a suitable 
depth showing a band shading more than half the blue end of 
green. Evaporated, this left a residue of ared and reddish 
yellow colour. ‘This residue was only partially soluble in ether, 
what remained after extraction being red. The ether extract was 
yellow, and gave a band at the blue end of green, its darker part 
from about A 507 to A 471, although the shading commenced at 
about A 520. On evaporation, the ether left a faintly yellow 
residue which became a transient blue with nitric acid, and 
greenish with sulphuric acid. 

The part insoluble in ether was soluble in chloroform, with 
a reddish colour, giving one band at blue end of green. This 
solution was remarkable for its pure red colour, and after 
evaporation it left a pale red residue which was more soluble 
in ether, with a yellow colour. ‘This residue became a transient 
blue and green with nitric acid, blue and greenish with sulphuric 
acid, and perhaps greenish with iodine in potassic-iodide. So 
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that the ovaries evidently contained two lipochromes ; a xan- 
thophan- and rhodophan-like one. 

The digestive gland had a brownish colour, and ex- 
tracted with alcohol yielded an orange-yellow solution, a 
deep layer of which transmitted red and some green, while a 
shallower one gave one band in the green from about 2 526 to 
A 468 (including the feebly-shaded part); this is evidently the 
same band as that seen in the blood. On evaporation a red, 
and in parts an orange, residue was left, soluble in ether with 
a yellow colour, and the latter solution had the same absorptive 
property as the alcohol solution. It was also soluble in chloro- 
form with an orange colour, absorbing all but the red and a 
little of the green in a deep layer, and in less deep giving one 
broad band extending in its darkest part from about A 503 to 
\ 474, On touching this residue with a drop of nitric acid it 
became blue and greenish, with sulphuric acid a dirty green, 
brown, and violet, with iodine in potassic-iodide perhaps green. 
No enterochlorophyll could be detected. I have no doubt 
that, as appears to be the case in crustacean blood, the red, 
rhodophan-like lipochrome is built up in the digestive gland 
and carried in the blood current to be deposited in other parts 
of the body, though what its rdle may be when deposited there 
it is difficult to say. It is not easy to see of what use so much 
brilliant colouration as exists within the body of Holothuria 
nigra can be, except that the lipochrome is changed into some 
other constituent. If,indeed, it be respiratory, as tetronerythrin 
is believed by Merejkowsky to be, we could see some reason 
for its existence, but, as I have repeatedly shown, what has been 
called tetronerythrin does not exist in two states of oxidation. 
Merejkowsky would doubtless call the red lipochrome of H. 
nigra tetronerythrin without hesitation; but since he pub- 
lished his results our knowledge of these fat pigments has 
undergone a change, for we now know that there are a great 
number of pigments, formerly with regard to their supposed 
respiratory properties, included under the name tetronerythrin, 
which are distinguishable from each other, and which cannot 
any longer be called tetronerythrin, the rhodophan of the retina 
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is not respiratory, nor is the true tetronerythrin in the so- 
called “ roses” around the eyes of certain birds, respiratory. 
But I have some further remarks to make on this subject at 
the end of this paper. 

Halliburton! remarks, “It is, however, possibly the case 
that the granules of varying colour that occur in the blood- 
cells of different groups of animals, especially among the 
Echinoderms, are in reality lipochromes.” This remark gains 
additional significance from the above observation. In the red 
granules of the blood of many Ascidians I have reason to 
believe that a red lipochrome is also present. 

Prof. F. Jeffrey Bell in his “ Studies in the Holothuroidea? 
—Further Notes on the Cotton-Spinner,” observes: “ After 
standing in alcohol (40 per cent. over proof) for an hour, 
specimens were observed to have stained the fluid ; the solution 
was fluorescent, giving a greenish colour with reflected and a 
yellow with transmitted light. This colour does not seem to 
be lost by exposing the alcohol to sunlight; at any rate, it has 
not disappeared after an interval of more than six weeks’ expo- 
sure to daylight.’ He then goes on to show that it gives no 
absorption bands, and he compares it with Moseley’s antedonin, 
and he gives certain characters which are peculiar to it. This 
is evidently the pigment to which Krukenberg refers :3 “ Durch 
das bei Holothurien weit verbreitete braune Pigment wird in 
der Haut von Holothuria Poli ein Farbstoff verdeckt, der 
sich in Alkohol, Wasser, und Glycerin, mit gelber Farbe und 
griiner Fluorescenz leicht aufloést. Dieser Uranidin genannte 
Farbstoff Korper ist gerade deshalb von grossem Interesse, weil 
er sich in unreinen Gewebsausziigen sehr rasch zersetzt, in 
reiner alkolischer Losung aber sehr bestandig, weder licht noch 
warmeempfindlich zu nennen ist.” I have elsewhere called 
attention to Krukenberg’s observations on the so-called urani- 
dines,‘ but I may here repeat the essential points which have 

1 Loe. cit., p. 328. 

2 ¢Proc. Zool. Soc.,’ December 2nd, 1884, p. 563. 

3 *Grundziige einer vergl. Physiol. d. Farbstoffe und der Farben,’ 1884; 
and ‘ Verg}. physiol. Studien,’ zweite Reihe, dritte Abth., 1882, S. 53. 

4 “Chromatology of Sponges,” ‘Journ. Physiol.,’ vol. ix, No. 1. 
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been made out in reference to them. They are a class of pig- 
ments of a yellow colour, which under certain influences, such 
as by the action of ferments, are changed into brownish or 
dark violet masses which are insoluble in lipochrome solvents, 
and refractory towards acids when thus changed. They occur 
in Sponges, in Ascidians, in Insects (in plants,e.g. Aethalium 
septicum),andin Holothuria poli. Krukenberg elsewhere 
states that the solution of this uranidine shows a band 
“behind”? r, which he figures. He seems to base his con- 
clusion that this pigment is a “‘uranidine” on the fact that 
when the alcohol extract is heated on the water-bath, the 
colouring matter is left brownish yellow. 

By the kindness of Professor F. Jeffrey Bell I have been able 
to make a somewhat rough examination of this colouring matter. 

The alcohol solution sent me was greenish yellow with a 
splendid blue-green fluorescence ; it showed two bands in the 
blue half of the spectrum, the first from about \ 483 to A 464, 
and another from about A 452 to A 433, the latter is therefore 
situated far over in the violet and was missed by Krukenberg. 
The solution was evaporated in vacuo. ‘The residue contained 
much sodium chloride stained with the yellow pigment. This 
yellow pigment was found to be insoluble in ether, partially 
soluble in chloroform, soluble in water and in glycerine. 

It was extracted with absolute alcohol and then showed a 
bluish-green fluorescence and gave the same bands as before. 
What remained insoluble in alcohol was soluble in water, and 
this solution also showed a green fluorescence, and had a yellow 
colour with transmitted light. This gave two bands also, the first 
from about A 483 to A 460, and the second about » 452 to A 486. 

On evaporating the alcohol solution on the water-bath 
a yellow, certainly not a brown, residue was left; with 
iodine in potassic-iodide this became a slight reddish yellow, 
with sulphuric acid faint red, passing into a kind of violet- 
brown tint, and gave no distinct colour change with nitric acid. 

On evaporating the aqueous solution on the water-bath it 
left a yellow residue which was hardly changed by iodine in 
iodide of potassium, hardly changed by sulphuric acid, perhaps 
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slightly darkened and otherwise unchanged by nitric acid. 
No lipochrome was therefore present. 

The absorption bands in these solutions were made more 
faint by caustic potash, probably by precipitation, although the 
yellow colour and the green fluorescence were still present. 
With an excess of hydrochloric acid the green fluorescence and 
the bands still persisted, the fluid remaining yellow. So far, 
then, as these incomplete observations will allow one to con- 
clude I can see no reason for considering this pigment as 
belonging to the “uranidines.” It is quite different from the 
pigments called by that name among the Sponges. 

I cannot help thinking that Krukenberg has confused this 
yellow fluorescent substance with another which may be 
present “‘in unreinen Gewebsauszugen,” and which “ sich sehr 
rasch zersetzt.” 

In the little Holothurian Ocnius brunneus the ovaries are 
pale blue instead of the brilliant red of Holothuria nigra, but 
they show a feeble shading at the blue end of green correspond- 
ing with that seen in the red ovaries of H. nigra; on placing 
them in alcohol or ether they turn red and yield a lipochrome 
to solvents. Here evidently a very sensitive colouring matter is 
present, a lipochromogen, which under very slight influences 
becomes changed into a lipochrome. In the larval lobster a 
similar pigment occurs which turns red in alcohol, &c., and 
the “ cyano-crystals”’ of Crustaceans are evidently of the same 
nature. One can hardly suppose that any chemical change 
can take place here except it be a dehydration or a feeble oxi- 
dation. An immense number of marine animals contain at an 
early and some at a late stage of their life such sensitive- 
chromogens, and the study of their colour changes would pro- 
bably yield interesting results. 

Asterias glacialis.—In the integument of starfishes I have 
found lipochromes and hzmatoporphyrin,! the latter in brown 
specimens. In Asterias glacialis a violet pigment is present ; 

1 “Studies in Animal Chromatology,” ‘Proc. Birm. Philos. Soc.,’ vol. iii, 


1883; and “On the Presence of Hematoporphyrin in the Integuments of 
Certain Invertebrates,” ‘Journ. Physiol.,’ vol. vii, No. 3. 
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this violet colouring matter is soluble in water with a lilac 
tint, but the solution shows no absorption bands. In thin 
layers it shows some shading at the blue end of green. Sulphide 
of ammonium almost discharged the colour, leaving only a faint 
red with a slightly violet tint. Hydrochloric acid did not 
remove the violet colour. Ammonia produced slight precipita- 
tion and slightly diminished the colour; after filtering the fluid 
remained violet. When the filtrate was treated with caustic 
potash hardly any violet was perceptible. On evaporation the 
aqueous solution lost its colour, the residue was faintly red and 
insoluble in absolute alcohol, it became slightly greenish with 
nitric acid, slightly green with sulphuric acid, and slightly 
yellow or greenish yellow with iodine in iodide of potassium. 
This, so far as I can judge from Krukenberg’s imperfect 
description of his lipochromoids, would appear to be a lipo- 
chromoid or related to one. 

Glycerine failed to extract any colour from the integument, 
and it yielded nothing to ether. 

The integument yielded no colouring matter to alcohol and 
sulphuric acid, hence no hematoporphyrin was present. The 
alcohol solution of the integument was a deep yellow colour. 
A deep layer transmitted red and a little green, and in a 
thicker layer one band at the blue end of green became detached 
from about 4507 to (474, On evaporation, a residue, partly 
bright red, and partly dull red, was left. This was only partially 
soluble in ether, and the portion left behind became only a dull 
greenish with nitric acid, and the same with sulphuric acid. 
The ether solution was yellow, and in a deep layer transmitted 
red and some green, the violet end being strongly absorbed. 
In a thicker layer a band at the blue end of green was seen 
from about 4.503 to’ 468. The ether left on evaporation a 
red residue, which was not altogether soluble in chloroform, as 
some red pigment yet remained untouched. The chloroform 
solution was orange, and in a deep layer transmitted the red 
and some green, while in a thicker layer it showed one band 
from about A512 to (465. The residue from this solution 
was orange and red; it became a fine but transient blue 
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with nitric acid, green, also blue-green, and brownish, with 
sulphuric acid; and with iodine in iodide of potassium a 
yellowish green. Hence the integument contained at least one 
rhodophan-like lipochrome. 

The radial cca (so-called liver) when extracted with alcohol 
yielded a greenish-yellow solution with a red fluorescence, 
showing a well-marked enterochlorophyll' spectrum; in this 
solution only one lipochrome band evidently corresponding 
to that of the integument was seen. On evaporation and 
extraction with the lipochrome solvents, and testing the residue 
with the usual reagents, the lipochrome reactions were ob- 
tained. 

Krukenberg’ describes a pigment which he calls ‘‘ astero- 
cyanein” from Atropecten aurantiacus, soluble in water 
with deep blue violet colour; but its spectrum showed two 
bands, one between c and p, the other between p andr. He 
thinks it is related to “ cyanein” from Rhizostoma Cuvieri. 
At 80° C. it changed to wine red, and the bands disappeared. 
On cooling, a part of it became regenerated. It was unchanged 
by hydrochloric acid and ammonia. Alcohol, chloroform, 
and caustic soda acted on this pigment like heat. For its 
other characters the original may be consulted, but I may 
here say that the present violet pigment was not identical 
with ‘‘asterocyanein,” owing to the absence of absorption 
bands. 

Asterina gibbosa.—The ovaries were orange and showed 
a band at the blue end of green; extracted with alcohol they 
yielded a pale yellow solution which had a strong absorptive 
power for the violet end of the spectrum ; in a thinner layer a 
band was seen from about A 503 to A 474, and another in violet. 
The residue from this was a dull yellow colour ; it dissolved in 
chloroform with a yellow colour, giving a band at blue end of 
green, and another faint one in violet. It was soluble in 
ether with a paler colour, and in other lipochrome solvents. 

1 «Proc. Roy. Soc.,’ vol. xxxv, 1883, p. 370; and ‘ Philos. Trans.,’ pt. i, 


1886. 
2 «Vergl. physiol. Studien,’ zweite Reihe, dritte Abth., 1882. 
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The residue gave the usual reaction with nitric and sulphuric 
acids, so that the ovaries contained a chlorophan-like lipo- 
chrome. 

The orange under parts of the integument when extracted 
with alcohol yielded a deep yellow solution showing strong 
absorption of the violet end of the spectrum, and in less deep 
layers at least one band from about 4503 to 4468, and a 
second very feeble band in violet. The residue was deep yellow, 
soluble in lipochrome solvents, and giving lipochrome reac- 
tions. The brown upper integument contained a similar pig- 
ment, and by extraction with alcohol and sulphuric acid was 
found to be free from hematoporphyrin. 

The radial ceca formed a pale yellow solution in alcohol, 
which had a faint red fluorescence and showed an entero- 
chlorophyll spectrum. Only one lipochrome band from about 
A 503 to A 474 could be detected. The lipochrome reactions 
were obtained with the residue, which had a dull yellow 
colour. Here, again, the same lipochrome is found both in 
digestive gland, in the integument, and in the ovaries. 

Goniaster equestris.—The brilliant red pigment scraped 
from the surface of the integument gave a faint band at p, 
and strongly absorbed the violet end of the spectrum. 

No hematoporphyrin was found in the integument; the 
latter, however, yielded to alcohol an orange-red colour, 
which in a deep layer transmitted the red and a little green, 
while in a thin layer a dark band at the blue end of green 
extended from 503 to (471; a second one was also seen 
from about 462 to 4443 (sp.6 and 7). The residue from 
this was orange and in parts deep red, soluble in chloroform 
with a deep orange-red colour, absorbing strongly the violet end 
of the spectrum up to the beginning of green, and giving two 
bands (sp. 8) placed closely together, of which the first, much 
darker than the second, read from about A505 to 478, and 
the second about \ 474 to \ 449, it was soluble also in ether, 
forming a deep orange solution with the same kind of absorption 
in a deep layer as the other solutions, and in a shallow layer 
showing two bands, the first from 1503 to A 471, and second 
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\ 462 to 1441 (?). This pigment was also soluble in turpen- 
tine, olive oil, &c., and became a brilliant deep blue, fading to 
greenish blue with nitric acid, a deep indigo blue with sul- 
phuric acid, and a dark green and greyish green with iodine 
in iodide of potassium. 

Acetic acid extracted some of the red pigment from the 
integument the solution being at first red, but soon changing 
to dark yellow, and showing in a deep layer strong absorption of 
the violet end. Glycerine failed to extract any colouring matter. 
The principal pigment here is a red lipochrome, differing from 
rhodophan, in the presence of two bands. It resembles the 
“orangin” which Krukenberg! got from Astropecten 
aurantiacus, which he says is a “chlorophan-like pigment” 
and which he found accompanied by another, a rhodophan. 

Enterochlorophyl! is also present in Goniaster. 

Cribella oculata.—The integument of this species contains 
a similar lipochrome to the last, and it also is free from 
hematoporphyrin. ‘The orange-coloured chloroform extract 
of the pigment shows two absorption bands, of which the 
first was darker than the second, and these bands were not 
exactly in the same position as in Goniaster, being some- 
what farther apart. 

The red ovaries also contain a similar lipochrome. 

Solaster papposa. The brilliant red of this species is also 
due to a similar lipochrome, and no hematoporphyrin occurs in 
the integument. Although at first sight the bright red pigment 
might be taken for a rhodophan, yet in thin layers of the 
alcohol, ether, chloroform, and bisulphide extracts, there 
are two bands instead of one, showing the presence of a 
chlorophan-like pigment. Here also the radial ceca yield 
enterochlorophyll united to a lipochrome, and it is highly 
probable that the latter is built up, as well as the former, in 
that situation. I have noticed occasionally that some solutions 
of enterochlorophyll from starfishes showed only one or two 
chlorophyll bands, which after some time, or more quickly by 
heating, disappeared, and then the pigment present seemed 

Tes Vergl. physiol. Studien,’ zweite Reihe, dritte Abth., 1882, S. 62. 
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to be a lipochrome. If these observations be correct, they 
would show that the chlorophyll constituent becomes changed 
into the lipochrome one, as is said to be the case in plants 
at times. 

Echinochrome.—I find this colouring matter present in 
Amphidotus cordatus, Echinus sphera, and in other 
species which I have not been able to identify. It is probably 
present in ali Echinoids.! 


Worms. 


I have not met with much of interest from a spectroscopic 
point of view among worms, although the description even of 
negative characters may be useful in preventing others from 
going over the same ground again. 

Phyllodoce viridis.—Geddes” observes in his paper ‘‘ On 
the Nature and Functions of the ‘Yellow Cells’ of Radiolarians 
and Celenterates :’—‘‘ I have also exposed to light . ... the 
green polychete annelid (Phyllodoce viridis)... . 
but, as I had expected, without finding the shghtest evolution 
of oxygen to take place.” This result is easily explained, as I 
find Phyllodoce does not owe its colour to chlorophyll. 

The pigment appears to be present in the granular condition; 
it is easily extracted by rectified spirit, and after about twenty 
hours’ extraction yields a deep olive-green solution, which 
transmits the red and green and gives no marked absorption 
band. Nothing like a chlorophyll band could be seen, although 
a little red was absorbed. 

With a drop of weak ammonia solution the extract became 
a fine red colour, and then in a deep layer a narrow strip of 
red was transmitted, while in a thinner layer a broad band 
with ill-defined edges appeared in the part of green nearer the 


1«Qn the Chromatology of the Blood of Some Invertebrates,” ‘Quart. 
Journ. Mier. Sci.,’ October, 1885; vide ‘Proc. Birm. Philos. Soc.,’ vol. iii, 
1888; and cf. Gamgee’s ‘ Physiological Chemistry,’ pp. 134 and 135. In the 
first of the papers here quoted I stated that I had found Hchinochrome in 
Strongylocentrotus lividus. 

2 «Proc. Roy. Soc. Edin.,’ xi, p. 379. 
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red end of the spectrum. In a thinner layer still a little more 
of the violet came through than in the original rectified spirit 
solution. 

The rectified spirit extract became a greenish-brown with 
nitric acid, but the solution only absorbed the violet end of 
the spectrum, and showed no band. With still more nitric 
acid the solution seemed rather more green, but showed no 
bands. 

With hydrochloric acid the colour also became a dull brown- 
ish yellow, and showed slight turbidity. With caustic potash 
(as with ammonia) it became ruby red and showed a broad, 
ill-defined band at the beginning of green, and the violet was 
absorbed ; treated then with hydrochloric acid it became a 
dull yellow. On evaporation the rectified spirit solution left 
a dark brown, amorphous shiny residue. 

This residue was partially soluble in absolute alcohol, form- 
ing a yellow-brown solution, which absorbed the violet end and 
showed an ill-defined band at the beginning of the green. 
Ether took up some of this residue, which, after extraction 
with alcohol, appeared in parts brown and in parts green; the 
latter part seemed to go into the ether, which, however, was a 
dirty brown colour when looked at on a white dish. This solu- 
tion also absorbed the violet and showed the ill-defined band 
at beginning of green. 

The residue was also soluble in chloroform with a deep red- 
brown colour, and the solution had the same spectroscopic 
characters as the above. This chloroformic solution seemed 
dichroic, being brown in some lights, red in others. 

Bisulphide of carbon also dissolved it with a brown colour, and 
the solution showed the same spectroscopic characters. The 
pigment left by evaporation of an absolute alcohol solution 
seemed to be present under the microscope as very small greenish 
granules. This pigment was also soluble in benzene with a dull 
brownish-yellow colour, and, lastly, in water with a brown colour, 
also absorbing the violet end of the spectrum and showing no 
distinct band. On examining a living worm in the compres- 
sorium, under the microspectroscope, no band could be detected; 
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no chlorocruorin, no hemoglobin, no chlorophyll was present, 
and no discernible lipochrome. The solid pigment became 
reddish brown with sulphuric acid, and red brown with nitric 
acid. 

It is impossible to refer this pigment to any class, such 
as the lipochromoids, the melanoids, or uranidines, so far as 
one can judge from the description given of these by Kruken- 
berg.1. The residue seemed darker than it should have been 
had no change been undergone by the dissolved colouring 
matter ; but its solubility was so peculiar that it does not fall 
under any of the above-mentioned groups, and for the present 
I may perhaps be allowed to name it simply phyllodoce- 
green. 

Pontobdella (sp. ?).—In this worm I find another peculiar 
green pigment present, which has some resemblance to chloro- 
phyll in its spectrum, but differs markedly from chlorophyll. 
It is found in the integument, where it occurs mainly in large, 
greenly-pigmented cells, which are very noticeable on the 
peritoneal surface. These are figured in Mr. A. Gibbs Bourne’s 
paper? in this Journal for 1884, where they are represented not 
green but brown. This Annelid, as is well known, lives on 
fish-blood, and yet seems able to manufacture from it a pigment 
which is related to chlorophyll, although not actually identical 
with it. 

Absolute alcohol extracted this green colouring matter from 
the integumental cells, and became coloured a blue-green colour. 
On evaporation it left a green residue (almost emerald green), 
which when redissolved in absolute alcohol gave sp.9. Al- 
though this spectrum is somewhat like that of chlorophyll, 
yet the bands occur in a different position, and the green solu- 
tion does not fluoresce red. 

Ether dissolved the pigment, also forming a green solution, 
and giving the same spectrum. 


1 “Zur Kenntniss der Genese der Gallenfarbstoffe und der Melanine,’ 
‘Centralbl. f. d. Med. Wiss.,’ 1883, No. 44; and “ Grundziige,” loc. cit., 
8. 90, &e. 


2 «Quart. Journ. Mier. Sci.,’ No. xev. 
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Hydrochloric acid changed the colour to a deeper blue, not red 
as in the case of bonellein ; but no new bands appeared. With 
an excess of acid it becamecloudy. I had not enough material 
to try the effect of alkalies, or to obtain other reactions. 
The solid pigment lost its green colour with strong nitric acid, 
and with strong sulphuric acid. Iodine in iodide of potassium 
produced no marked change. I hope to examine this pigment 
again more carefully. To prevent misconception I must here 
state that this pigment is not chlorophyll. 

The Chlorophyll of Chetopterus.—Professor Ray 
Lankester has shown that chlorophyll exists in this worm. I 
have not had an opportunity of examining a fresh specimen, but 
by the kindness of Mr. J. T. Cunningham I have been able to 
examine a spirit solution of the pigment. Owing to the 
worm having been killed in corrosive sublimate solution, and 
afterwards kept in methylated spirit, the chlorophyll had 
become slightly changed. This is well shown in sp. 10, the 
spectrum of the alcohol solution, which had a dark green 
colour and showed a fine red fluorescence. If we compare 
this spectrum with that of the modified chlorophyll figured by 
Sachsse,! we see that this solution contains “ modified ” chloro- 
phyll; and as Sachsse says, ‘‘ Band III des frischen Spectrum 
ist haufig ganzlich verschwunden oder hat, wenn sichtbar, 
nicht nur stark abgenommen, sonderen auch seine Lage 
geandert, indem es, im normalen Spectrum p nahe, jetzt 
naher an = geruckt ist. BandI... . ist kohlschwarz, auf der 
Seite gegen das rothe Ende ziemlich scharf abgeschnitten, auf 
der brechbareren Seite dagegen stirker schatten artig verlaufend 
als im Normalzustand.” ‘The bands of the alcohol solution of 
this chlorophyll read as follows:—Ilst began to be shaded at 
678, was black from 671 to 1658, and shaded off to 1641; 
2nd A619 to A589, 3rd a mere shading from about 569 
to A553°5, 4th A545 to X526, and 5th A514 to A490, 

The absence of distinct lipochrome (= xanthophyll) bands 
was noticeable ; and on subsequently agitating a spirit solution 
—sufficiently diluted with water—with bisulphide of carbon, 


* “Die Chemie und Physiologie der Farbstoffe, &c.,’ 1877, S. 47. 
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no separation into a green and a yellow solution could be 
effected. The bisulphide layer did come down green, but the 
upper spirit layer was also green and showed only the bands of 
the green constituent. This may have been due, however, to the 
disappearance of the lipochrome by the previous action of the 
perchloride of mercury and methylated spirit. 

A phyllocyanin-like spectrum was produced by the action of 
mineral acids on the alcohol solution ; thus hydrochloric acid 
produced the spectrum shown in sp. 11. It did not seem to 
alter the colour, as this remained as before. 

The following wave-length readings of the bands appearing 
in a solution treated by sulphuric and nitric acid respectively 
are only approximately true : 


H, SO, Bands. HNO, Bands. 
(1) a, 673 to 1626°5 (1) a, A673 to 1626°5 
(2) y, 4612 to X584'5 (2) y, 4612 to 584°5 
(3) 8, X577 to A550°5 (3) 6, A577 to X550'5 
(4) 8, 542 to A512 (4) 6B, 542 to A512 
(5) », 4507 to A478 (5) », 4507 to A478 


Acetic acid did not change the spectrum, as it already was 
that of modified chlorophyll. 

Ammonia caused the spirit solution to appear more yellow 
green, and appeared to narrow the 2nd and 8rd bands. 
Caustic potash had the same effect on the colour and spectrum, 
except that it made the 2nd and 3rd bands almost invisible ; 
the Ist band being also less shaded than before, and the 4th 
more distinct. 

Evidently Chetopterus insignis (Baird) contains a true 
chlorophyll, although Geddes! could not detect any evolution 
of oxygen on exposing Chetopterus Valenciennesii to 
sunlight ; but this is not to be wondered at, since the chloro- 
phyll is shut up within the animal’s body. 

Arenicola piscatorum? Besides the hemoglobin which 
—as Professor Lankester has shown—this worm contains, a lipo- 
chrome or lipochromes are also present. The black specimen 
examined yielded its black pigment to caustic potash, in 

1 Loe. cit., p. 379. 
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which it formed a dark brown-green solution which gave no 
bands. 

The intestine is covered with an orange-coloured glandular 
tissue, which shows a band at the blue end of green, owing its 
colour, as in Lumbricus terrestris, to a lipochrome. This 
is soluble in alcohol with a pale yellow colour and in other 
lipochrome solvents; in the former it showed a band in blue, 
in green, and perhaps another in violet, the former from about 
A 503 to X 468. The residue left by evaporating this solution 
became a transient blue and green with nitric acid, and reddish- 
brown with sulphuric acid. 

Extracted with absolute alcohol the integument yields a 
greenish-yellow solution, which evidently contains the same 
pigment as that of the digestive gland, as a band was present 
from about X 503 to X 468. The yellowish residue from this 
solution was soluble in ether, chloroform, and other lipochrome 
solvents. In chloroform two bands were perceptible, the first 
from about A 503 to A 474, and second about A 465 to Xr 446. 
The yellow residue from this became blue and greenish with 
nitric acid, and reddish brown and violet blue with sulphuric 
acid. The ether solution showed these bands also: the first 
from X 500 to A 468, and second from dX 472 to r 443. 

So that here a chlorophan-like lipochrome was present. 
Probably the black melanoid or melanin of the skin is derived 
from this yellow liprochrome, as Krukenberg infers in other 
cases. I think at all events the liprochrome met with in the 
skin is built up in the glandular organs surrounding the intes- 
tine, as in many other animals. 

Terebella.—Besides the hemoglobin abundantly present (as 
Professor Lankester has shown), this Cheetopod contains a lipo- 
chrome in its tentacles and integument. Thus an alcohol extract 
of the tentacles was pale yellow or greenish-yellow and showed 
two bands: the first from about A 500 to A 468, and the second 
462 to 441. Anether solution showed similar bands. The 
yellow residue from these solutions was soluble in lipochrome 
solvents, and reacted as a lipochrome with nitric and sulphuric 
acids. 
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The integument also tinges alcohol a yellow-green colour, 
and the contained pigment is identical with that of the ten- 
tacles, both as regards solubility, action of mineral acids, and 
spectrum. Hence here also a chlorophan-like lipochrome is 
present. 

Cirratulus.—This hemoglobin-containing Chetopod shows 
in some of its tentacles when deprived of their oxy-hemoglobin 
a greenish tint. The integument showed besides the bands of 
oxy-hzemoglobin another in the blue end of green. In C. ten- 
taculatus the alcohol solution of the tentacles had a faint 
yellowish tint, evidently due to a lipochrome also, the band of 
which extended from about A 503 to » 468, and it gave the 
usual reactions with nitric and sulphuric acids. 

The alcohol solution of the integument had a greenish-yellow 
colour, and showed one band from about X 503 to A 468, and 
another faint one in violet. This left a yellow residue with a 
faint tinge of green, soluble in lipochrome solvents and giving 
the usual reactions with mineral acids. In C. cirratus a 
similar chlorophan-like lipochrome occurs, which in chloro- 
form showed two bands; the first from about AX 503 to A 478, 
and second A 465 to A 446. (?) 

In Nereis, although in smaller quantity, a chlorophan-like 
lipochrome was also found. Nereis (as Professor Lankester 
has shown) is a hemoglobin-containing worm. 

In Polynoe I could detect no hemoglobin. There is a 
phosphorescent area round the cerebral ganglion, which latter 
is of ared colour. The red colouring matter there showed a 
band which somewhat resembled that of reduced hemoglobin. 
In most parts of this worm a band is visible at the blue end of 
green, probably due to a lipochrome. In the cerebral ganglion 
of another Polynoe I observed a band like the first one of 
oxy-hemoglobin, and in a third young specimen this ganglion 
was yellow and showed no band. I failed to detect the bands 
of oxy-hemoglobin in any of the specimens examined. The 
pigmentation of the ganglion is interesting when it is con- 
sidered that in the nearly allied Aphrodite the hemoglobin 
is limited to the ventral ganglia. Among Nemertines I have 
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only examined Nemertes neesii; this had a streak down 
its ventral surface of a reddish tint, which showed some shading 
in the blue end of green, but no oxy-hzmoglobin bands. The 
dorsal surface was brownish, but this was found not to be due 
to heematoporphyrin, which as I have shown colours the dorsal 
streak of Lumbricus terrestris. 

In Nereis Dumerillii the blood gave a single band like 
_ that of reduced hemoglobin, not the double band of other 
species, and I could not see the two bands anywhere in this 
worm. In some parts a band like the first of oxy-hemoglobin 
was seen in the blood-vessels, but on making an aqueous solu- 
tion of the blood a faintly yellow solution was obtained showing 
two feeble bands; the first was like that of the first of oxy- 
hemoglobin, but the second was rather narrower than is the 
second blood-band. These bands read approximately: the 
first from X 584°5 to X 574, and the second about A 550°5 to Xr 
536, and a third one at the blue end of green from about A 507 
to \ 474 (?) was visible. Sulphide of ammonium caused these 
bands to disappear, but I could not then detect that of reduced 
hemoglobin. 

Chlorocruorin! exists in Sabella bombyx as well as in 
Sabella ventilabrum and Siphonostoma (Lankester) and 
Serpula. 

The lipochromes and hemoglobin are very uniformly dis- 
tributed among worms. Krukenberg? observes: ‘‘ Chloro- 
phane und Rhodophane tragen auch bei Wiirmern in manchen 
Fallen viel zu einer lebhaften pigmentirung bei.” 


PoLyzoa. 


The colouring matters of Polyzoa have not yet been 
thoroughly examined, and I have had the opportunity of ex- 
amining only two species. 

Lepralia foliacea.—The fine orange-red colour of this 
species is evidently due to a red lipochrome. The colouring 

1 «Journ. Anat. and Physiol.,’? 1868, p. 114; 1870, p. 119; and ‘ Quart. 


Journ. Micr. Sci.,’ October, 1885. 
2 “ Grundzuge,”’ loc. cit., 8. 137. 


(Se CG. A. MAO MUNN. 


matter itself absorbs the violet and gives an ill-defined shading 
in the green. When extracted with water a faint reddish- 
yellow solution was obtained, showing some shading at the blue 
end of green, but no bands came into view with ammonium 
sulphide. 

A glycerin extract was faintly yellow and showed no bands, 
with or without ammonium sulphide. 

The alcohol solution was a deep yellow colour, and showed 
a faint red fluorescence; it gave a chlorophyll-like spectrum 
(sp. 12), and in a shallow layer a single lipochrome band 
became detached (sp. 13). The residue left by evaporation of 
this solution was in places yellow, in others brownish-yellow 
while some red parts were also visible in it. It became blue 
and green with nitric acid, and dirty blue-green with sulphuric 
acid. 

The ether solution was a clear green-yellow colour, and gave 
sp. 14; it hada red fluorescence. Ina thin layer asingle badly- 
marked lipochrome band was seen. On evaporation a yellow- 
brown residue was left, which, when dissolved in alcohol, gave 
sp. 15; this differs from that of the first alcohol extract. The 
new band in the red would indicate probably the presence of 
chlorofucin. Ina thinner layer the single lipochrome band read 
from about A 512 to (468. The yellow-green residue from this 
solution became green and blue with nitric acid, a dirty brown- 
green and green with sulphuric acid, and was, perhaps, slightly 
redder with iodine in iodide of potassium. 

The acetic acid extract of Lepralia was brown-yellow in 
deep layers, dull yellow in thin ones, and absorbed in the former 
the violet end of the spectrum strongly, and in the latter 
showed a band at the blue end of green. 

I find that Krukenberg (in Tafel ii, 11, of ‘ Vergleichend- 
physiologische Studien,’ zweite Reihe, dritte Abth., 1882) has 
figured the spectrum of a red “ Kalkbryozoe,” which he sup- 
posed to be Lepralia. He attributes the presence of a band 
in red to a “ Hepatochromate” (=enterochlorophyll). He 
found a similar pigment in Bugula neritina, besides another 
—“Bugulapurpur’”—which belonged to the “ floridines,” 
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and was soluble in glycerine and water, and others soluble in 
alcohol, chloroform, bisulphide of carbon, &c. If I am correct 
in supposing that chlorofucin is present in Lepralia, it is due 
either to “ yellow cells,” which, so far as I am aware, have not 
been described in this species, or to a food product. There is, 
at all events, a close resemblance between sp. 15 and that of 
an alcohol solution of Laminaria digitata, in which chloro- 
fucin is present. ; 

In Flustra foliacea, as I have shown,! a chlorophylloid 
pigment can be extracted by alcohol, and this comes from the 
“brown bodies” in the empty zodecia. Professor Moseley 
kindly wrote to me on this subject. He says: ‘“‘ They [brown 
bodies] are due to the atrophy of the zooids. The digestive 
organs, lophophore, and viscera generally, of a zooid, may be 
gradually decomposed into cell masses of a brown colour without 
the structure of the cell or capsule of the zooid being affected. 
The funicular plates and their offsets remain and form a net- 
work round these brown bodies, and the large retractor muscles 
also persist. The brown bodies have often been mistaken for 
ova; they contain remains of food diatoms, and hence probably 
the source of the chlorophyll. . . . Accounts differ whether 
the new zooids take the brown bodies into their substance 
or digestive tract or no, probably not.” 

I could detect neither starch nor cellulose in these ‘‘ brown 
bodies,”’ and the chlorophyll which they yield to solvents gives 
a spectrum somewhat resembling that of “ modified” chloro- 
phyll, to which I referred above. The alcohol solution was a 
golden-yellow colour, and had a red fluorescence. Its dominant 
dark band read from \681'5 to \ 656, its darker part from 
\ 678 to X 662. It showed another before pv; the third 
chlorophyll band was missing, and there was one lipochrome 
band. 

ASCIDIANS. 

I have not yet had an opportunity of examining many 
Ascidians, but the few results which I have obtained may be 
useful for purposes of comparison. 

1 €Proc. Physiol. Soc.,’ No. iii, 1887, March 12th. 
VOL, XXX——PART 2, NEW SER. F 
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Styela grossularia.—A brilliant carmine or lake-red 
colour surrounds the exhalent and inhalent orifices ; this is 
continued round the lining of the body-wall internally. The 
whole interior on section is bright orange. The brilliant red 
colouring matter transmitted red and a little green, while in a 
portion pressed out thin enough nearly the whole of the green 
was absorbed by a very broad band, probably formed by the 
coalescence of two bands. This appearance is best seen 
by direct sunlight. The orange pigment also strongly 
absorbed the violet rays, and in thinner parts showed a band 
at the blue end of green. The eggs were of a brilliant red 
colour; they transmitted the red rays, absorbing the violet 
strongly. 

It was impossible to separate the deep red- from the orange- 
coloured part, so they were extracted by solvents together. The 
ether solution was at first a fine red colour, but after standing 
for a couple of days it changed to a greenish-yellow tint, and 
although it did not show a red fluorescence it gave a band very 
like that of chlorophyll in the red, and one or two in the blue 
half of the spectrum. Seesp.16and17. On evaporating this 
solution at the temperature of the air it left a brownish residue, 
soluble in absolute alcohol, forming a dull yellow solution, and 
now this solution did not show a band in red. 
Evidently the chlorophylloid pigment had changed into some- 
thing else. To prove that the change was not due toa different 
solvent, the alcohol was evaporated and left a brownish residue 
which was re-dissolved in ether. The resulting yellow solution 
did not now show the band in red, although the second one of 
sp. 16 and that at F of 17 were visible. This would go to 
support what I said above, that there are reasons for 
supposing that a cholorophylloid pigment can be 
changed into a lipochrome sometimes. 

The residue from the last ether extract was brownish, and 
soluble in chloroform with a reddish colour ; this gave the band 
in green and another atits blue end. The residue became blue 
and green with nitric acid, dirty green with sulphuric acid, and 
was unchanged by iodine in iodide of potassium. The absolute 
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alcohol solution was orange in shallow, red in deep layers ; it 
absorbed in the latter all of the blue end of the spectrum, 
transmitting red and a little green, and gave no band in 
red. In shallow layers a single broad band became detached 
from about 1523 to \ 476.1 On evaporation a residue partly 
brownish orange, partly red, was left soluble in the lipochrome 
solvents, e.g. ether, in which it formed an orange solution, and 
had the same spectroscopic characters as when dissolved in 
alcohol ; in chloroform, forming a fine orange-red solution, and 
having the same spectroscopic characters ; and in turpentine. 
The residue from any of these solutions became a transient blue 
and green with nitric acid, blue and dirty green with sulphuric 
acid, and perhaps greenish with iodine in iodide of potassium. 

Water extracted a little colouring matter forming a faint 
greenish solution, having a very faint pink tint with ammonium 
sulphide and with ammonia. 

The glycerine solution had a faint reddish tint and showed no 
distinct bands, and was unaffected by sulphide of ammonium, 

The acetic acid solution was of an orange colour with the 
same spectroscopic characters as the alcohol and ether 
solutions. 

It was evident that Styela owed its fine red colour to 
red lipochromes. Probably the change in the spectrum of the 
ether solution was due to oxidation. 

Botryllus violaceus.—On allowing alcohol to remain in 
contact with this Ascidian for forty-eight hours the alcohol 
assumed a deep, dull yellow colour, and this gave a band in 
red like that of chlorophyll, but then the chlorophyll bands 
were absent, the violet end of the spectrum being strongly 
absorbed up to the middle of green. In a thinner layer one 
lipochrome band was seen from about 4516 to 4468.2. On 
evaporation this left a brownish-yellow, and in some places 
brownish-red, residue. This was partially soluble in ether with 
a yellow colour, showing also in a deep layer a band in the 
extreme red and absorbing the blue end of the spectrum 


1 Darker part from 4503 to A476. 
? Dark part 4503 to 471. 
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strongly. The band in red was about \ 680 to A 636'5, its darker 
part from 4 673 to 1654, <A second feeble chlorophyll-like 
band was also just visible. In a thin layer a band at the blue 
end of green extended from about A 500 to A 468 in its darker 
part. The ether solution left a chrome-yellow residue, soluble 
in chloroform, with a deep yellow colour showing also a chloro- 
phyll-like band in the red, and a second feeble one before p, 
with strong absorption of the blue end, and in a thin layer a 
broad band from about 1505 to 474 (=darker part). The 
brownish-yellow residue from this became a transient blue 
and greenish with nitric acid, dark brown, bluish, and violet- 
brown with sulphuric acid, and was unchanged by iodine in 
iodide of potassium. 

The part of the above residue insoluble in ether went into 
chloroform, but this solution appeared to be identical in every 
respect with the last-mentioned chloroform solution. Here, 
again, is a colouring matter which appears to be partially 
chlorophylloid in its nature, and yet is a true lipochrome. 

Krukenberg! has examined Botryllus though of another 
species. He says the Botryllus species at Trieste, when 
treated with lipochrome solvents, or with alkalies and sea- 
water, have their violet pigment changed into a yellow-brown 
colouring matter. The violet parts of the colony when touched 
with caustic potash become yellow-brown, but with acetic 
acid they again become violet. He says: “Es scheint aus 
diesen Befunden hervorzugehen, dass der violette Botryllus- 
farbstoff nur in festem Zustande bestehen kann, und dass 
seine Existenz an eine saure Beschaffenheit des gewebes 
gebunden ist.” Further, he states that its yellow-brown 
alcoholic solution (whose residue is soluble in carbon bisul- 
phide with an orange colour) has similar spectroscopic 
characters to that obtained from a black species of Didemnum, 
but differing from an orange species of the same. 

Botrylloides.—An orange-coloured specimen was extracted 
with absolute alcohol, to which it imparted a yellow colour with 
a faint tinge of red. This solution absorbed all the violet end 


1 *Vergl. physiol. Studien,’ zweite Reihe, dritte Abth., 1882, S. 106. 
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of the spectrum, transmitting red and a little green. In a thin 
layer it showed a band at the blue end of green beginning at 
about A520 and darker from 507 to A471. This left a 
residue partly yellow, partly reddish. A portion of this was 
soluble in ether and chloroform, and the remainder went into 
water; the ether being yellow and the chloroform more orange, 
and both showing one band in a shallow layer, in blue green. 
The residue from the ether solution was in parts reddish and 
in parts yellow green; the reddish part was not much changed 
by nitric acid, the greenish became perhaps slightly tinted 
violet. Sulphuric acid changed both parts of the residue a kind 
of orange; besides, in the greenish part a kind of violet tint was 
- noticed. Todine in iodide of potassium had no effect on either. 

The part of the residue soluble in water had a faint reddish 
tinge, but with the exception of a feeble shading at the blue 
end of green this solution gave no distinct bands. Although, 
therefore, closely resembling a lipochrome the orange colouring 
matter of Botrylloides failed to show the lipochrome re- 
actions. 

Amouroucium proliferum.—The orange colouring matter 
of this Ascidian goes into alcohol, so also does the bright red, 
both yielding an orange solution. In a deep layer this 
possessed a strong absorption for the violet end of the spec- 
trum, and showed a band in red closely resembling the prin- 
cipal band of chlorophyll. In a shallow layer one lipochrome 
band was visible, and perhaps a second in violet. The orange 
residue was soluble in ether, in chloroform, in bisulphide of 
carbon; in each case giving the same kind of spectrum as that 
seen in an alcohol solution. 

The residue became a distinct but transient blue, and dark 
bluish green with nitric acid, a green and blue with sulphuric 
acid, and was unchanged by iodine in iodide of potassium. So 
that here the colour was due to a red lipochrome. 

In Clavellina lepadiformis I noticed some bluish 
colouring matter which gave a feeble shading at p and some 
shading at the blue end of green. I could not change this 
bluish colouring matter into a lipochrome by alcohol, owing 
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probably to its being enclosed within the substance of the tunic. 
Nothing else worthy of notice was found in this Ascidian. 

In Ascidia virginea a brilliant red portion within the 
tunic absorbed the green strongly, giving a kind of double 
absorption band there, and also strongly absorbed the violet 
end. No other part of the animal showed a band. The red 
colouring matter went only to a very slight extent into alcohol ; 
this solution gave a faint band in the blue end of green, and its 
yellow residue became faintly greenish with nitric acid, reddish 
and violet with sulphuric acid, and was unchanged by iodine in 
iodide of potassium. When treated with caustic potash the 
red pigmentary parts in the animal lost their red colour, 
becoming yellowish. On the whole probably a lipochrome was 
present, but owing to its situation it could not be extracted in 
the usual way. 

In the Cynthiew and Didemnide Krukenberg! found 
mostly lipochromes—(chlorophans and rhodophans). In some, 
e.g. Ascidia fumigata and A. mentula, a yellow uranidine 
occurs which causes the lymph as well as the inner organs by 
contact with the air to become dark brown; and the black 
pigment in the mantle of Ascidia fumigata may be, accord- 
ing to the same observer, an ‘‘ Umwandlungs product ” of this. 


C@LENTERATES. 


I have shown in my paper “On the Chromatology of 
Sponges’? that chlorophyll is present in a great number of 
sea-water sponges, probably in seventeen at least. Kruken- 
berg? has lately found a chlorophylloid pigment (hepato- 
chromes = enterochlorophyll) in several corals from the Red 
Sea, besides what he calls “anthea green,” red and purple 
“floridines,” a yellow “uranidine,” chlorophans and rhodo- 
phan-like lipochromes, and a red lipochromoid. In fact, as 
our knowledge of the colouring matters of animals extends we 
see that the number of chlorophyll-containing animals is 

1 “ Grundzuge,” loc. cit., 8. 134. 


2 «Journ. Physiol.,’ vol. ix, No. 1. 
5 *Vergl. physiol. Studien,’ ii Reihe, 4 Abth., S. 172—186, 
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largely increased, while the lipochromes come to occupy a very 
important part in their colouration, and as the results which 
have been described here show, it is getting more difficult to 
come upon new pigments. Most of those which I have lately 
met with, and which have recently been described by others, fall 
under classes of colouring matters which have already been 
described. 

Chrysaora hysocella.—Owing to the presence of Pro- 
fessor Moseley’s polyperythrin! in various Ceelenterates I was 
anxious to examine the brown colouring matter of jelly-fishes. 
In Chrysaora abundance of a brown pigment is present dis- 
posed in radiating triangular areas on the upper surface of the 
umbrella, and in dark patches, thirty-two in number, all round 
the margin of the disc, also in the tentacles; but in each of 
these situations it possesses the same properties. It also occurs 
dotted on the surface of the umbrella between the triangular 
pigmented areas. Microscopically, it occurs in granules, and 
is limited to the surface ; these granules are yellowish in colour 
under a high power. I attempted in vain to extract the 
brown colouring matter with alcohol, ether, chloroform, 
alcohol and sulphuric acid, alcohol and caustic potash. But 
when the portions of Chrysaora were allowed to stand, the 
sea-water contained in the tissues dissolved the pigment out 
readily, forming an orange-brown solution, showing a broad 
dark band at the blue end of green. When more pigment went 
into solution the fluid became a dark brown colour. Boiled in 
fresh- and sea-water the colour went into solution, but showed 
no bands except the shading at the blueend of green. A deep 
layer of this solution only transmitted red and some green. 
Ammonia and caustic potash precipitated the colouring matter. 
Hydrochloric acid did not discharge the colour at first, 
although it became much lghter; strong sulphuric acid and 
nitric acid discharged it after some time. Absolute alcohol 
also precipitated the pigment, the fluid becoming flocculent 
after some time. 


1 Quart. Journ. Micr. Sci.,’ vol. xvii, 1877, pp. 1—23. See also ‘Journ, 
Physiol.,’ vol. vii, No. 3, and vol. viii, No. 6, 
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The colouring matter in the fresh state showed no bands 
except some shading at the blue end of green ; it also absorbed 
the violet end of the spectrum. These observations confirm 
those of Professor McKendrick,' as may be seen by consulting 
his paper. He also got the colouring matters from Cyanea 
and Aurelia by allowing fragments of these to macerate in 
sea-water for about thirty-six hours. In these cases ammonia 
precipitated the colouring matter from its solutions, and it 
dissolved in acids. Professor McKendrick states that after 
death “the body becomes slightly acid, the protoplasm dis- 
integrates, and the colouring matter diffuses out.” 

In Cyanea an infusion gave two distinct bands, one in the 
red and the other in the orange; they were also visible in the 
fresh pigment. 

The blue colouring matter of Rhizostoma Cuvieri gives 
three bands in the fresh state, one in the red, one at p, which 
is the darkest of the three, and another in the green, the last 
being extremely faint. On comparing this with McKendrick’s 
description it is evident that the same pigment occurs in 
Rhizostoma as in Cyanea. There must be something 
wrong in Krukenberg’s drawing of this spectrum? from Rhizo- 
stoma, as can be seen by inspecting it. Krukenberg calls this 
pigment “cyanein.”” He compares this “cyanein” with the 
blue colouring matter found in Velella limbosa by A. and 
G. de Negri,> which those observers found to change quickly 
after the death of the animal, and to be soluble in water in which 
on heating it became yellow. It was insoluble in ether, chloro- 
form, benzene, and bisulphide of carbon; it was coloured red by 
acids, and changed to an amethyst colour by alkalies. Kruken- 
berg afterwards (1884) thought that his “‘cyanein” does actually 
occur in Velella, Rhizostoma, Aurelia, and Cyanea. 
This “‘cyanein,” according to him, is easily soluble in fresh 
and in salt water. After adding acids in sufficient quantity it 

1 «Journ. Anat. and Physiol.,’ vol. xv, pp. 261—264. 

‘Vergl. physiol. Studien,’ zweite Reihe, dritte Abth., 1882, 8. 68. 


“ Sulla materia colorante della Velella limbosa,” ‘Gazz, Chim, Ital.,’ 
vii, fasc. iv, 1877, 
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is precipitated out in “ insignificant” red or yellow-brown 
flocks, and cannot be regenerated. Caustic soda and ammonia 
colour the solution an amethyst colour. For other characters 
the original must be consulted. ‘‘ Asterocyanein,” referred to 
above, is related to this according to Krukenberg. 
Corynactis viridis.—Some specimens of this little sea 
anemone are red, not the beautiful green from which the 
species takes its name. On putting one of these red specimens 
into a compressorium and examining it by means of an achro- 
matic condenser and microspectroscope, the spectrum seen is 
represented in sp. 18. On comparing this with the various 
spectra I have described in sea anemones,! it will be found that 
the bands do not correspond either with those of actiniohematin 
or actiniochrome. They are nearer the violet and differ in 
other respects, and yet they belong to a colouring matter 
which must be related to the former, since the pigments can 
evidently be changed into one which gives bands like those of 
hemochromogen (sp. 19). If the Corynactis is put into a 
solution of caustic potash these bands disappear, but on very 
careful examination we find that some new bands have appeared ; 
these are like those of sp. 19, except that the first one is 
narrower than the first in that spectrum and slightly nearer 
the red, and the second fainter than the second of sp. 19. It 
is quite evident that here a respiratory pigment is present, 
and it corresponds very closely to actiniohematin, since on 
dipping the portions treated with caustic potash into ammo- 
nium sulphide we get sp. 19, closely resembling that of 
reduced hematin. The most noticeable thing about the spec- 
trum of the green specimens was the presence of a band at 
the blue end of green with its darkest part from about A 507 to 
A481. I could find no “ yellow cells” in this species. 
Tubularia indivisa.—The red polyp heads of this species 
were examined. The colouring matter in its natural situation 
is pink, although in some lights it appeared violet brown ; it 
seemed to absorb the violet end of the spectrum, and gave 


1 “Qbservations on the Chromatology of Actiniz,” ‘ Philos. Trans.,’ part 
ii, 1885. 
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some shading at the blue end of green. When placed in 
absolute alcohol the latter was found to have become yellow, and 
then showed a feeble shading at the blue end of green with its 
darkest part from about 4503 to A468, but the amount of 
colouring matter obtained, as may be supposed, was very small. 
The pale red residue from an alcohol solution was soluble in 
chloroform with a reddish-yellow colour, and in ether with a 
yellow colour. The residue became blue and greenish with 
nitric acid, greenish and bluish green with sulphuric acid, 
and reddish with iodine in iodide of potassium. Hence it was 
a lipochrome resembling rhodophan or xanthophan. 


CRUSTACEANS. 


I have not had an opportunity of examining many crus- 
tacean pigments besides those which I have described in 
former papers. In Astacus fluviatilis I find that the 
hypoderm is coloured by a red lipochrome! resembling rhodo- 
phan. Its solutions absorb the whole spectrum except red 
and a little green in a deep layer, while in a shallow layer one 
very broad band occurs in the middle of the spectrum. This 
pigment is soluble in chloroform with a fiery red, in ether with 
an orange red, in bisulphide of carbon with a red, and in 
petroleum ether with an orange-yellow colour. The red 
residue from any of these solutions was coloured a fine blue 
and greenish with iodine in iodide of potassium, greenish blue 
and blue with sulphuric acid, and a fine but transient blue 
with nitric acid. 

In Homarus vulgaris I found that the colouring matter 
of the hypoderm dissolved in absolute alcohol, ether, chloroform, 
bisulphide of carbon, &c.; in addition to absorbing all of the 
spectrum except red and a little green in a deep layer the 
alcohol solution gave a band in red; coincident with the 
same band in an alcohol solution of the so-called 
liver. This would go to prove that the enterochlorophyll of the 
liver may be carried to the hypoderm and changed there into a 


1 T called this tetronerythrin formerly, and would be correct in doing so now, 
as it corresponds exactly to the description of that pigment. 
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lipochrome. This lipochrome is practically identical with that 
of Astacus, and therefore requires no further description. I 
may add that the lipochrome present in the “ liver ” was found 
to be identical with that of the hypoderm. 

In Pagurus bernhardus a one-banded red lipochrome 
occurs in the same situation, agreeing in every essential respect 
with that of Astacus and Homarus. 

In Cancer pagurus a similar lipochrome is present in the 
hypoderm, but in the shell of this species I have found 
a chlorophylloid pigment. ‘The shell was decalcified 
with diluted hydrochloric acid, washed free from acid, dried, 
and then extracted with chloroform ; after a week’s extraction 
the chloroform had become yellow and showed the spectrum 
of “acid chlorophyll.” The chloroform left on evaporation a 
dirty green residue, which when dissolved in rectified spirit 
also showed the spectrum of acid chlorophyll. Here, again, is 
an instance of the deposition of the enterochlorophyll of the 
“liver” in the shell. I find, however, that this occurrence of 
chlorophyll in the exoskeleton of C. pagurus is exceptional, 
but in this case “the exception proves the rule,” and such 
isolated facts are of extreme interest in enabling us to under- 
stand the uses of enterochlorophyll. 

Carcinus mezenas.—The shell decalcified by hydrochloric 
acid (dilute) was washed with water, dried, and treated with 
chloroform. This extracted a red lipochrome which when 
dissolved in alcohol, ether, chloroform, bisulphide of carbon, 
&c., absorbed all but the red and a little green in a deep layer, 
while in a shallow one, one broad band became detached in the 
green, with its half towards violet more deeply shaded than that 
half towards red. The residue gave the lipochrome reactions 
with sulphuric and nitric acids. If we compare these crustacean 
lipochromes with those met with among starfishes, we find that 
the former are more like rhodophan, while the latter are more 
like chlorophan in spectrum, though differing in colour. 

There is no doubt that in many cases chromogens are 
present which on very slight provocation change into these 
lipochromes, either by dehydration, oxidation, or by some 
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molecular change. I have referred in this paper to the larval 
lobster whose lovely blue pigment is changed by alcohol and 
ether into a true lipochrome, and everyone is acquainted with 
the change of colour which the adult lobster undergoes on 
boiling. The blue prismatic crystals which occur in the 
hypoderm of the crayfish were described by Focillon,' and 
have been called Cyanocrystals. Krukenberg failed to extract 
them by the use of salt water, which he found efficacious in the 
case of cyanein and asterocyanin. These crystals are reddened 
by alkalies, acids, alcohol, &c., and by boiling in distilled water. 
They belong to a lipochromogen, and pass over very easily into 
the corresponding lipochrome. 


Remarks. 


I have referred frequently to the lipochromes in the preced- 
ing part of this paper, and as the name is of quite recent 
introduction it may not be superfluous to describe these 
colouring matters in greater detail. 

Krukenberg is responsible for this term, and as anyone who 
knows anything about animal colouring matters can see, this 
term lipochrome includes under it pigments which have been 
called luteins, and by other names, e.g. among plants, and 
also that peculiar red colouring matter first described by 
Wurm? and Hoppe-Seyler® to which Merejkowsky+* has 
drawn renewed attention, and which has been long known as 
tetronerythrin. It was first found in the so-called “ roses” 
around the eyes of certain birds by Dr. Wurm. Some years 
after Merejkowsky found it in 117 species of animals, and he 
attributes a respiratory function to it. He also found it in 


1 “Sur les Couleurs du test des Crustacés,” ‘Compt. rend.,’ t. 33, 1851, 
pp. 884, 885. Cf. Krukenberg, ‘ Vergl. physiol. Stud.,’ zweite Reihe, dritte 
Abth., 1882, 8. 71. 

2 «Zeitsch. fiir wissenschaft. Zoologie, 1871, S. 535. See also Dr. 
Wurm’s paper in ‘Jahrshefte des Vereins fiir vaterl. Naturkunde in Wiirtt.,’ 
1885. 

3 ¢Handbuch d. physiol. und path. Chem, Analyse,’ 4 Aufl., Berlin, 1875, 
S. 23. 

4 «Bullet. de la Société Zoolog, de France,’ 1883, p. 81, seq. 
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plants, e. g. in carrots, tomatoes, and Spanish pepper ; in fungi, 
such as Polyporus sulfuraceus, Peziza aurantiaca, 
Agaricus furfuraceus, and in a red alga Chlamydo- 
coccus pluvialis, &c. Those who are acquainted with the 
work of Sorby ! on vegetable colouring matters, cannot fail to 
see that among plants very different colouring matters have 
been here confused together under the name tetronerythrin by 
Merejkowsky. Of carrotin I‘shall have more to say further 
on, but no one ought to confuse this with the pigment of 
Peziza aurantiacus the ‘“‘ Peziza xanthine” of Sorby. 
In tomatoes I can find no tetronerythrin, and on the whole its 
occurrence among plants is very doubtful. It has evidently, 
therefore, been confused there with other yellow and reddish 
lipochromes. 

The same remark applies toits distribution among animals ; 
for although we come upon a pigment here and there, as, for 
example, among the Sponges, Starfishes, and Crustaceans, &c., 
which does answer to the description of tetronerythrin, yet in 
others the supposed tetronerythrin is found, on more careful 
examination, to be slightly different from it. If the description 
of tetronerythrin given by Merejkowsky be compared with that 
of the lipochromes, considered not individually but as a class, it 
will be found that it applies to almost any lipochrome. As pig- 
ments related to tetronerythrin, Merejkowsky included some 
which are soluble in water, but which by chemical or physio- 
logical means can be changed into tetronerythrin; thus by 
adding a drop of acid or caustic alkali, alcohol, or warm- 
ing to near the boiling point. So that many blue, grey, 
brown, and other coloured pigments change to orange red and 
then become insoluble in water, and soluble in such solvents 
as alcohol, ether, chloroform, turpentine, and acetic acid. 
Such are named by Merejkowsky, velelline, echinastrine, 
astroviridine, astrogriséine, ophiurine, and _astroviolettine ; 
while others which cannot be thus changed he names 
suberitine, astroidine, pelageine, chrysaorine, rhizostomine, 
echinorubine and echinine. But it is impossible to say what 

1 «Proc. Roy. Soc.,’ No. 146, vol. xxi, 1873, &. 
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these latter are owing to the brevity of the description given 
of them. 

While I do not wish to minimise the importance of Merej- 
kowsky’s results, I feel bound to say that there has never been 
any valid reason given for considering any of the lipochromes 
included under the name tetronerythrin, by him, as respiratory 
pigments. And for this reason, that they fail to respond to 
the test used in determining whether any pigment is respiratory 
or not, namely, change of colour and spectrum under the 
influence of reducing agents. They are sensitive to light, and 
yield, in many cases, cholesterin-like substances, as Krukenberg 
has shown: an observation which gains additional significance 
when we compare an animal lipochrome with one of the most 
typical of that series among plants, namely, carrotin, which 
is accompanied by a cholesterin. Although, then, we now 
know, beyond all doubt, that Merejkowsky’s tetronerythrin 
includes under it rhodophan-, xanthophan-, and chlorophan- 
like lipochromes, and that some of the nearly related pigments 
which become changed into lipochromes, under the above- 
mentioned influences, are only lipochromogens, yet these 
results were of great value in showing what a wide distribu- 
tion such pigments have in the vegetable and animal kingdoms. 

Those colouring matters which, until recently, had been 
called luteins, among plants and animals, as well as by other 
names in the former, together with tetronerythrin, have now 
been included by Krukenberg! under the lipochromes. This 
useful generalisation was based on Kiihne’s researches? on 
the chromophanes of the retina. As is well known, Kihne sepa- 
rated out three pigments from the retina—rhodophan, chloro- 
phan, and xanthophan, and taught how to distinguish them 
from each other, and how to recognise such pigments when 
met with elsewhere. For although many earlier observers 
knew the reactions which these pigments undergo with nitric 
and sulphuric acids, and with iodine in iodide of potassium 

1 Loe. cit. 


2 Untersuchungen a. d. physiol. Instit. d. Univ. Heidelberg,’ Band i, 
Heft 4, 1878, and Band iv, 1882, 8. 169—248, 


CONTRIBUTIONS TO ANIMAL CHROMATOLOGY. 93 


and so on, yet these tests had been forgotten, or rarely used 
until Kiihne directed renewed attention to them. 

The lipochromes, collectively, are soluble in those solvents 
which dissolve fat, such as chloroform, bisulphide of carbon, 
ether, alcohol, turpentine, &. They give one or two bands, 
or rarely three, in the blue half of the spectrum ; they are 
sensitive to light when in solution; they are said to contain 
only carbon, oxygen, and hydrogen, no nitrogen; they vary in 
colour, being green-yellow, yellow, orange, or red. Their 
absorption bands are hazy and indistinct, which is owing to 
their occurrence in the more refrangible part of the spectrum. 
I find, however, that when examined in a diffraction spectroscope 
the bands are much sharper and narrower. Their “ bleach pro- 
ducts,” according to Krukenberg, are similar to cholesterin, and, 
finally, in the solid state they are coloured blue, blue green or 
greenish, by nitric, and also by sulphuric, acid. I find, as I 
have often stated elsewhere, that the animal lipochromes rarely 
respond to the iodine test, whereas the plant lipochromes often 
become blue or blue green. Most, if not all, according to 
Krukenberg, withstand boiling with caustic alkalies. I am not 
so sure that this statement is true however. This observer re- 
marks that a sharp delimitation of these pigments is impossible, 
since they go over into the lipochromoids and the melanoids, and 
Kine has found that a real lipochrome, viz.—rhodophan, after 
sufficient purification, shows no blue colouration with nitric 
acid (doubtless in this case purification = decomposition). 

Krukenberg takes carrotin as the type of a lipochrome, and 
attributes to it the formula C,,H.,,0; he says this crystalline 
colouring matter shows direct relationship to hydrocarrotin, to 
which he assigns the formula C,,H;,O ; but these figures, which 
are Husemann’s,! have recently been shown to be erroneous. 

Thus Arnaud? has shown that carrotin is identical with the 
orange-red crystalline substance which can be obtained from 
green leaves, and which also exists in many fruits, especially 
the tomato. He finds that it has the composition C,,H,,, and 


1 © Ann, d. Chem. u. Pharm.,’ Bd. 117, 8. 200. 
2 Arnaud, ‘ Compt. rend.,’ C. ii, 1119—1122 ; also 1819—1322. 
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crystallizes in rhombic plates with a metallic lustre, blue by 
reflected and orange by transmitted light. He states that 
carrotin is not an oxygen compound, but an unsaturated hydro- 
carbon, and the so-called hydrocarrotin, an impure cholesterin. 
To the pure cholesterin isolated from carrots Arnaud assigns 
the formula C,,H,,0. 

By the kindness of Dr. Schunck, F.R.S., I have had an 
opportunity of examining spectroscopically the colouring 
matter called chrysophyll by Hartsen and erythrophyll by 
Bougarel, which is identical with carrotin, according to Arnaud. 

It was crystallized in beautiful plates of a fine orange or red 
colour, by transmitted light, and under the microscope the crys- 
tals appeared reddish yellow. Dissolved in ether they formed an 
orange solution, which in deep layer transmitted the red and a 
little green, but the solution had to be diluted to a pale yellow 
colour before the bands could be seen. The first of these 
began to be shaded at A 496 and extended to \ 471, and the 
second from about A 462 to A 444. It formed a fine red 
solution in bisulphide of carbon, which in a suitable depth 
showed the following bands: first, A 535 to A 506; and, second, 
from \ 496 to \ 475. There may have been a third feeble band 
nearer violet. It was also soluble in alcohol, but not so easily 
as in the above solvents, and here it had like spectroscopic 
characters. The residue from these solutions became a fine 
blue and green with iodine in iodide of potassium, a fine dark 
blue and perhaps deep violet with sulphuric acid, and a blue 
which rapidly faded, passing into a violet tint with nitric acid ; 
so that this is certainly a genuine lipochrome.! 

As I said before, the presence of cholesterin with the lipo- 
chrome in carrots is interesting when compared with Kruken- 
berg’s observation : that some animal lipochromes are bleached 
into cholesterin-like substances. 

No animal lipochrome has yet been obtained pure enough 
for an analysis that can be depended upon; but since the 
spectroscopic and chemical characters of animal and plant 


1 Of. Dr. Schunck, “ Chemistry of Chlorophyll,” ‘Annals of Botany,’ vol. 
iii, No. 9, February, 1889. 
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lipochromes are so similar, there cannot be a great difference 
between them. 

Besides occurring in green leaves, they are also found in 
yellow flowers and fruits, &c. ; and there is no doubt that such 
pigments as phycoxanthine, peziza xanthine, orange xantho- 
phyll, xanthophyll, yellow xanthophyll, fucoxanthine, and 
others, are all lipochromes. As to animals, Krukenberg states 
that the lymphatic fluids! and various secretions of Vertebrates 
and Invertebrates, the vertebrate retina, the corpora lutea, 
the egg-yolks of different species of animals, the yellow, green, 
or red pigmented integuments of various Invertebrates and of 
Vertebrates from fishes to birds, owe their colouration, with 
few exceptions, to dissolved, granular, or diffusely distributed 
lipochromes. They are, however, wanting apparently in the 
colourations of the epithelial structures of mammals, and in 
birds’ eggshells. 

Again, they only occur in traces among snakes; although 
among birds, amphibians, and fishes, the different organs are 
permeated with lipochromes. 

I referred above to the “ lipochromoids ;” these, according 
to the same observer, are present with “ melanoids” in the 
stems of Gorgonide, the shells of Mollusca, and they lead 
directly to the black pigments known as melanins; but the 
description of all these is so extremely vague that it would be 
wasting space to quote Krukenberg’s remarks on them. The 
truth is, we do not know enough about the connexion be- 
tween these pigments to allow us to make any sweeping 
generalisation at present. 

It is unnecessary to recapitulate my own results, they are 
commented upon where necessary in the former part of this 
paper. I regret that they are not more valuable or more 
striking, but such as they are they may be found useful for 
purposes of comparison. 


1 Cf. Poulton’s interesting observations on “The Essential Nature of the 
Colouring of Phytophagous Larve, &c.,” ‘Proc. Roy. Soc.,? No. 237, 1885. 
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EXPLANATION OF PLATE VI, 


Illustrating Dr. C. A. Mac Munn’s paper on “ Contributions 
to Animal Chromatology.” 


Sp. 1.—Antedonin of Antedon macronema? in alcohol (absolute). 

Spe. 2.—The same, thinner layer. 

Sp. 3.—Action of hydrochloric (or other mineral) acid on an alcohol 
solution. 

Sp. 4.—Action of ammonia on an alcohol solution. 

Sp. 5.—Action of acetic acid on an alcohol solution. 

Sp. 6.—Alcohol extract of integument of Goniaster equestris, deep 
layer. 

Sp. 7.—The same thinner layer. 

Sp. 8.—Solution of the same lipochrome in chloroform. 

Sp. 9.—Alcohol extract of the pigment of the integument of Pontobdella. 

Sp. 10.—Alcohol solution of the chlorophyll of Chetopterus insignis. 

Sp. 11.—Phyllocyanin-like spectrum obtained by adding hydrochloric acid to 
last. solution. 

Sp. 12.—Chlorophylloid colouring matter of Lepralia foliacea in alcohol. 

Sp. 13.—The same thinner layer showing a single lipochrome band. 

Sp. 14.—Ether solution of the residue left by the evaporation of the last 
alcohol solution. 

Sp. 15.—Alcohol extract of residue left by evaporation of the last ether 
solution. 

Sp. 16.—Ether extract of Styela grossularia in a deep layer. 

Sp. 17.—The same thinner layer. 

Sp. 18.—Spectrum of the pigment of Corynactis, red variety. Examined 
in the living animal. 

Sp. 19.—A portion of the Corynactis was placed in a solution of potassium 
hydro oxide and then in water containing some ammonium sulphide. This 
spectrum resembles hemochromogen on the one hand, and that of a modified 
histohematin on the other. The first band is, however, rather narrower than 
the corresponding band of hemochromogen. 
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On Some Points of the Anatomy of Polyxenus 
lagurus. 


By 


F. G. Heathcote, M.A., 
Fellow of the Cambridge Philosophical Society. 


With Plate VIL. 


Tue following does not profess to be a complete account of 
the anatomy of this interesting little Myriapod. In working 
out the development of Julus terrestris, certain questions 
occurred which led me to investigate the adult anatomy of 
some other forms, amongst them of Polyxenus, and I con- 
sidered that the following notes might be of interest to other 
observers. I found it very difficult to obtain material, and 
had it not been for the kindness of Dr. St. Remy, who was 
also working at Myriapods, and who took great trouble to 
procure a supply of Polyxenus for me, I must have delayed 
the publication of these notes for a considerable time. This 
form has been investigated by several naturalists, especially by 
Fabre and Bode (2, 1).!' I-have also availed myself of the 
excellent work of Latzel (4). 


External Features. 


In comparing the body of Polyxenus with that of Julus, the 
most striking peculiarity in Polyxenus is the composition of 
the individual segments. Each body-ring, as described by 
Bode, consists of a dorsal plate, two lateral plates, and two 


1 The figures refer to the list of literature at the end of the paper, 
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ventral plates. The anterior parts of the two ventral plates 
are fused so as to form a triangular point. A section through 
the fused part is shown in fig. 1. These plates are the “ lames 
pedigéres”’ of Brandt. Ina former paper on Julus (5) I called 
attention to the fact that the differences between the body-form 
of the early stages and the body-form of the adult were essentially 
due to a diminution of the ventral region and an increase of the 
dorsal to such an extent that the dorsal plate came to form a 
complete ring round the body. I also pointed out that the 
larval condition showed a great resemblance to the earliest 
fossil forms of Myriapoda. Now Polyxenus, in its anatomy, 
resembles the larval rather than the adult Julus. If we com- 
pare a section through one of the segments of Polyxenus with 
a section through a larval Julus, such as is shown in fig. 34 of 
my former (5) paper; and again, with a section through a 
segment of a nearly adult Julus, such as is shown in fig. 2 of 
the same paper, the resemblance to the larval Julus and the 
difference from the adult shown in the well-developed sternal 
region, the widely separated bases of the legs, and the less 
developed dorsal region, is sufficiently striking to render it 
worth while to compare the features of its general anatomy 
with the results obtained by the investigation of the develop- 
ment of Julus. 

Of the appendages, the pair that seems to differ most from 
those of other Chilognaths is that of the second post-oral 
segment, the deutomale; these have been described by Bode 
and Latzel (1. c.). The most noticeable feature about them is 
the possession of two palps on either side, the one short and 
broad, the other long and slender. The four-lobed plate of 
the adult Julus is of course without any vestige of similar 
structures, but the larval form possesses two short, broad pro- 
jections on either side, which seem to me to be rudiments of 
structures similar to those of Polyxenus. . 

The sense-organs described by Bode, and supposed by him 
to be olfactory, may be mentioned here, as their microscopic 
structure has never been investigated. Hach of these organs 
consists of a spine inserted into a structure formed by the 
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external cuticle and the hypodermic matrix. At the point of 
insertion of the spine the chitin and matrix are considerably 
thickened. At the external surface the chitin is raised up 
round the spine so as to form a rim or ridge (fig. 4) surround- 
ing a semicircular cup of considerable depth. The hole for 
the spine to pass through is at the bottom of the cup, and on 
the internal surface the chitin round this hole projects in- 
ternally so as to form a short wide tube corresponding to the 
semicircular depression on the external side (fig. 4, 7¢.). The 
spine itself is long and rather stout, thicker in the middle than 
at either end. It is provided with a rim (fig. 4) which fits the 
perforation at the bottom of the semicircular depression, while 
the part below the rim projects internally within the tube and 
ends in a depression, into which a nerve-cell fits. The whole 
internal part of the organ (i.e. the tube and part of the spine) 
is embedded in a mass of hypodermic matrix cells, which serve 
for the renewal of the organ at the moults. On account of 
the manner in which this organ is adapted to convey move- 
ments to the sense-cell, and is rather fitted to convey actual 
pressure than delicate vibrations, I hold it to be a tactile organ 
rather than an olfactory one. 

With regard to the external generative organs, they have 
already been described by several authors, but there is one 
point on which a little uncertainty exists. Fabre describes the 
male external generative organs as very long, and lying against 
the abdomen when not in use. Latzel says that they are 
similar to those of the female, with the exception that they 
have a round opening and not a slit-like one. I can confirm 
his account, having had the good fortune to obtain several 
males among the small number of Polyxenus at my disposal. 
Sections through the male and female external generative 
organs are shown in figs. 2 and 38. The dilation of the oviduct 
into which the external opening passes is shown more markedly 
than the corresponding dilation of the vas deferens; but I am 
inclined to believe this is due to differences in preserving. I 
have noticed that the small, very fine hairs present in both 
sexes round the external generative openings, are more 
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numerous in the male, but this may possibly be due to 
individual differences. I have not had a sufficient quantity 
of males to make certain. 


The Malpighian Tubes. 


Bode succeeded in dissecting out the Malpighian tubes, but 
their minute structure has never been described, and as they 
show a variation from the ordinary form of these organs which 
is not found in any other Myriapod, it is worth while to give a 
short account of them. 

Each tube—there are a pair of them—leaves the junction of 
the rectum and mid-gut as a stout tube with a definite lumen. 
The lumen is surrounded by a ring of denser tissue which 
has a faintly striated appearance. Each tube passes backwards 
along the rectum to the terminal dilation of the latter where it 
becomes greatly thickened, and is doubled upon itself so as to 
form a great spherical knot, the greater part of which hes in 
the semicircular chitinous elevations which are placed at 
either side of the anus. From this coil each tube passes off 
greatly reduced in size so as to have the form of a thin tube 
(figs. 8, 9, 6, 7. malp. t.) like any other Malpighian tube. 
These two thin returning portions pass forward and end 
blindly about the middle of the body. From the anterior end 
of the rectum, where the Malpighian tubes originate, the whole 
of these structures, together with the rectum, is enveloped in 
a membrane (figs 6, 8, 9) which passes’ backwards and becomes 
fused with the mass of cells forming the hypodermis. This 
membrane is perfectly definite on the external surface of the 
Malpighian tubes, but I have been quite unable to find any 
trace of it between the tubes and the rectum. I am con- 
vinced that it envelopes the tubes and the rectum together. 
Where the small returning portions of the Malpighian tubes 
pass beyond the origin of the tubes and the enveloping mem- 
brane, at the anterior end of the rectum, they pierce the 
membrane, and passing forward lie close to the mid-gut just 
like other Malpighian tubes. 

The salivary glands, which are long and tubular, open on 


POINTS OF THE ANATOMY OF POLYXENUS LAGURUS. 10] 


the internal surface of the deutomale in the same position as 
those of Julus and other Chilognaths. I have not thought it 
necessary to give a figure. 


The Nerve-cord. 


The nerve-cord shows a greater resemblance to that of the 
larval Julus and also of Chilopods than does the nerve-cord of 
any other Chilognath with which I am acquainted. Between 
the ganglia the fibrous part of the ventral nervous system is 
divided into two distinct cords as shown in figs. 5, 6, and 12. 


The Internal Generative Organs. 


In both male and female the generative organ has the form 
of a long tube, which communicates with the exterior by two 
short oviducts or vasa deferentia. The female organ (fig. 6) 
consists of a long tube, formed of a single layer of cellular 
membrane, and containing the spongy connective tissue (or 
stroma) within which the ova are produced. Some of the 
cells of this tissue become ova, while others, indistinguishable 
at an early stage, form the follicles which surround the ova. 

At its anterior end the ovary becomes constricted, as shown 
in fig. 5. Its walls increase in thickness, and are composed of 
two layers, an external and an internal, the latter consisting of 
larger cells. Just at the point of division into the two ovi- 
ducts two large receptacula seminis communicate. They are 
composed of a single layer of cells (fig. 5, vec. sem.), and con- 
tain spermatozoa, as shown in the figure. 

The male generative organ also consists of a tube, the 
testis, which divides anteriorly into two vasa deferentia. The 
walls of the testis are formed by a single layer of cells, and 
within it is a mass of spongy connective tissue from the cells 
of which the sperm-cells and the follicles arise. The sper- 
matozoa originate by a sperm morula (fig. 7), and the morula 
is surrounded by a follicle which may perhaps serve to secrete 
the covering of the spermatophores which are formed inside 
the follicles. The spermatozoa are long and thread-like, re- 
sembling those of Lithobius and Scolopendra. 
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The Heart. 


The heart has been described by Bode, who saw the dorsal 
vessel dividing into three branches in the head, and also found 
an artery in the middle of each segment. The dorsal vessel is 
suspended from the dorsal hypodermis by suspensory muscles, 
and muscle-fibres connecting it with the fat bodies are attached 
to its ventral surface. These muscles form a sort of inter- 
rupted pericardium like that in Julus. 

In each segment of the body there are two pairs of ostia 
occupying the same position as those in Julus, but there is 
only one pair of arteries in the middle of each segment. The 
heart is composed of three coats, an intima or structureless 
internal lining, a muscular coat, and a cellular external cover- 
ing. The layers are not so well marked as in Julus; perhaps 
this is owing to the small size of the animal. The muscular 
valvular apparatus of the ostia is the same as that found in 
Julus (5). The circulation is connected, as in Julus, with the 
spaces in the fat-bodies. These spaces are often crowded with 
blood-corpuscles. There is no definite blood-space round the 
nerve-cord as in Julus. 


The Eyes. 


The shape of the lens is peculiar, and more resembles that 
of Scutigera (see Grenacher’s paper, 3) than that of any other 
Myriapod with which I am acquainted. Its external surface 
is highly convex, while the internal is flat. The cells of the 
hypodermis are continued round the circumference of the lens 
so as to form a kind of diaphragm. A section through the 
edge of the lens shows this (fig. 13, 4. ¢.). The crystalline 
cones are arranged in groups, so that a transverse section 
through the retinal depression gives the appearance shown in 
fig. 14, B. Ihave been unable to find any intrusive connective- 
cells, but this may be due to want of material. The pigment 
is thickest at the base of the retina, and also at the commence- 
ment of the rods (fig. 13, pgt., inner pgt.). 
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General Conclusions. 


The principal interest of Polyxenus lies in the likeness of 
some of the features of its anatomy to the anatomy of the 
Chilopods. While it agrees with the Chilognatha in the 
position of its generative organs and the duplication of some 
of its segments (the first four segments are provided with only 
one pair of appendages, the next four have two pairs, and the 
last one pair—Latzel and Bode), and in the fact that it is a 
vegetable-feeding animal, in connection with which fact its 
salivary glands are long and tubular, like those of other Chi- 
lognaths ; it nevertheless resembles the Chilopods in the form 
of its spermatozoa, which are long and filiform, and are con- 
tained in spermatophores; in the general structure of the 
segments, having the legs wide apart, with a ventral region 
between them ; and in the differentiation of the ventral nerve- 
cord. The single artery given off in each segment seems at 
first sight to afford a resemblance to the Chilopod circulatory 
organ, but I believe this resemblance to be superficial. In its 
essential characters the heart resembles that of the Chilognaths, 
and remembering that the Chilognath heart is formed by the 
confluence of spaces in the tissues of the body, the formation 
of the arteries is not a deep-seated character. 

Characters peculiar to itself are the peculiar form of the 
second pair of mouth appendages, and the absence of stink- 
glands and the substitution for them of numerous spines as a 
means of defence. 

In a former paper (5) I advanced certain views about the 
phylogeny of Myriapods, and came to these conclusions :— 
First, that Myriapods were descended from some Peripatus- 
like ancestor; secondly, that the Chilopods and Chilognaths 
branched off from some common ancestor, not differing much 
from the fossil Archipolipoda. Now the characters in which 
Polyxenus resembles the Chilopods are characters common to 
the larval Julus, and to the Archipolipoda (5). With regard 
to the absence of stink-glands, and the substitution of spines 
arranged in tufts over the body, I found in Julus that the 
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stink-glands were formed comparatively late in the develop- 
ment as invaginations of the dorsal plate, and I came to the 
conclusion that they were not very deep-seated characters. If 
this is so it is not difficult to understand that they may never have 
been developed in Polyxenus, but that the spines may have been a 
sufficient protection. It is worth noting that the Archipolipoda 
had spines, and not stink-glands. From all these points in the 
anatomy of Polyxenus I am inclined to regard it, not as a 
recently formed link between the Chilopods and Chilognaths, but 
as an animal which has preserved certain traces in its anatomy 
of its descent from a common ancestor of the two classes, 
such ancestor being related to the Archipolipoda. I consider 
it as confirming my view that the Myriapoda are descended 
from a Peripatus-like form, and as opposing their descent from 
Thysanura. I am fully aware that insomuch as I investigated 
Polyxenus with a definite idea, I have probably taken a one- 
sided view of the points I worked at; but I hope that my 
work will induce others to investigate this animal more fully, 
and thus increase our knowledge of the various questions 
suggested by Myriapod anatomy and development. 

My work was entirely carried on in the Cambridge Morpho- 
logical Laboratory. 
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DESCRIPTION OF PLATE VII, 


Illustrating Mr. F. G. Heathcote’s paper ‘“ On Some Points 
of the Anatomy of Polyxenus lagurus.” 


Fie 1.—Part of a transverse section through the middle of the body, 
showing the ventral plate. The bases of the legs are separated and the 
ventral plate—that is, the fused anterior part of the two ‘lames pedigéres ” 
of Brandt—occupies the space between them. 

Fic. 2.—Part of a transverse section through the body, showing the female 
external generative appendage. dil. ovid. Dilation of the oviduct. 
ext. gen. org. External generative organ. 


Fie. 3.—Section through the male generative appendage. dil. vas. def. 
Dilation of the vas deferens. 


Fic. 4.—Section through the sense organ. eat. cut. Hxternal cuticle. 
hyp. Hypodermis. ¢. Tube. gaz. Ganglion-cell. hyp. c. mass. Hypodermic 
cell mass. 


Fic. 5.—A transverse section through the fourth segment of a female, to 
show the ovary, receptacula seminis, and the general arrangement of the 
organs. The figure is semi-diagrammatic; the outline of the body, the gut, 
ovary, receptacula, and nerve-cord being from an actual section; while the 
heart, muscles, and fat-body are diagrammatic. g. x. c. The ganglionic part 
of the nerve-cord. /. z.c. The fibrous part. ec. sem. Receptaculum seminis. 
spmzoa. Spermatozoa in the receptacula. ovidet. Oviduct. 


Fic. 6.—Part of a transverse section through the posterior part of the body 
of a female, to show the Malpighian tubes and the ovary. 4g. z. c. Ganglionic 
part of nerve-cord. /. ”.c. Fibrous part. fol. ov. Follicle round ovum. ov. 
Ovum. w.ov. Wall of ovary. 7. Malp. t. Returning part of the Malpighian 
tubes. Malp. t. Malpighian tubes. 

Fic. 7.—Part of a section through the testis of a male, showing a follicle 
containing a sperm morula. /. Follicle. sp. mor. Sperm morula. 

Fic. 8.—Part of a longitudinal section through the posterior end, to show 
the Malpighian tubes. a. d. Anal dilatation. 0. #. Outer wall of the gut. 
malp.t. Malpighian tube. 7. ma/p. ¢. Lumen of Malpighian tube. memd. 
Membrane. 

Fie. 9.—Section through gut and Malpighian tubes. ma/p. ¢. Malpighian 
tube. 7. malp.t. Reduplicated part of Malpighian tube. memb. Membrane. 
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Fic. 10.—Longitudinal section through a segment of the heart. art. 
Artery. ost. Osteum. 

Fic, 11.—Transverse section through heart. ext. cu¢. External cuticle. 
ext. w. ht. External wall of heart. dé. Internal lining of heart. m. w. ht. 
Muscular wall of heart. msc. Muscle-fibres from the heart to the fat- 
bodies, forming a sort of pericardium. susp. musc. Suspensory muscle of the 
heart. 


Fig. 12.—Section through the nerve-cord. gc. Ganglionic part. uc. 
Fibrous part. 

Fic. 13.—Section through region of eye, showing two eye-spots and the 
lens of another. 7.c. Retinal cells. czzer pgt. Pigment round the base of 
the crystalline cones. 7. Lens. 4.c. Cells of the hypodermis. pgt. Pigment 
around the base of the retinal cells. 

Fig. 14.—Section through the region of the eyes, showing one spot cut 
horizontally and one longitudinally. 4. An eye-spot cut longitudinally. 2B. 
An eye-spot cut transversely. 7. Lens. pgt. Pigment. c. Crystalline cones. 
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A Remarkable Crustacean Parasite, and its 
Bearing on the Phylogeny of the Ento- 
mostraca, 

By 
G, Herbert Fowler, B.A., Ph.D., 
Assistant to the Jodrell Professor of Zoology, University College, London 


With Plate VIII. 


In a decalcified specimen of Bathyactis symmetrica, 
dredged on the expedition of H.M.S. “ Challenger” from a 
depth of 2300 fathoms (Lat. 35°41’ N., Long. 157°42’ E., 
Station 241), I was fortunate enough to meet with the re- 
markable parasite for which I propose the name of Petrarca 
bathyactidis, gen. et sp. n. Its morphological interest, and 
the improbability that further material will be obtained for 
some time, are justification sufficient for the presentation of 
an account which is unavoidably incomplete, owing to the 
minuteness of the animal and to the fact that only three 
specimens have been at my disposal. 

Petrarca is a member of that curious family of Crustaceans, 
of which the Laura gerardiz of Lacaze-Duthiers (‘ Mém. 
Ac. Sci. Inst. France,’ xlii, 1883), and the Synagoga mira of 
Norman (‘ Rep. Brit. Assoc.,’ 1887, p. 86), are the only other 
examples, a family of parasites or semi-parasites upon Anthozoa, 
generally regarded as forming a part of the class Cirrhipedia. 
To the question of the zoological position, reference will be 
made after a description of so much of the anatomy as it has 
been possible to discover. 

As to its occurrence, the specimens were all found in the 
mesenterial chambers of a single Bathyactis; their presence 
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had produced a certain deformation of the coral, which was 
recognisable from the exterior, and which probably consisted 
merely of an exaggerated growth of the septa at that point. 
In no other Bathyactis individual, either from the same or 
from other localities, could I find traces of further specimens 
of the Crustacean. Judged by the contents and appearance 
of the alimentary canal of Petrarca, it seems probable that its 
relation to its host is not a case of true parasitism, but that it 
sucks in the nutritive fluid produced by the digestion and 
maceration of the food of Bathyactis, and does not derive 
sustenance directly from the tissues of the polyps. It is in 
fact a case of commensalism in the sense defined by De Bary 
(‘Tagebl. Vers. Deutscher Naturforsch. u. Aertzte,’ 1878, 
p. 121) [see note, p. 119]. 

On an external view (figs. 1, 2) the animal is seen to be 
nearly spherical, measuring 1°5—1:‘8 mm. in diameter. The 
general relations of the body, limbs, and carapace are those of 
a Lepas without a peduncle, with the terminal penis bent 
forwards under the thorax, the limbs much reduced, the 
mantle not carrying calcareous plates, but greatly swollen by 
the growth of the internal organs into its substance. The 
carapace thus formed is a dorsal and lateral outgrowth from 
the anterior part of the thorax (not merely from the neck as in 
Lepas), leaving free the head end and the posterior part of the 
body. Between the two halves of the carapace are seen, in an 
external and ventral view (fig. 1), the head, some of the appen- 
dages, and the penis. The ventral part of the carapace is 
spinose, the dorsal smooth. 

On removing the carapace from one side the appendages 
come into view (fig. 3). A pair of pre-oral appendages or 
antenne extend forwards in fig. 1, both of which were visible 
in the specimen drawn in fig. 3 (the remaining appendages in 
this figure are those of the left side only). They are termi- 
nated by two strong dorsally-directed hooks, one of which, 
the strongest, is articulated to the limb; between these pro- 
jects on the ventral side a delicate-jointed spine (fig. 6). 
Besides these terminal joints the limb is divided into three 
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sections, which are flexed into the shape of a Z, the last joint 
being directed dorsally. Posteriorly to the antennez is placed 
the oral cone (or. ¢. of fig. 3) upon which the mouth opens, 
and in which lie a pair of weak crushing mandibles ; the latter 
were clearly recognisable in transverse sections, but their 
exact shape could not be ascertained. The oral cone is deeply 
grooved in the median line in a manner suggesting the fusion 
of two lateral plates. Behind the oral cone are placed six 
pairs of (thoracic) appendages (i—vi, fig. 3), of which the first 
are long, slender, and uniramose, the five posterior pairs being 
reduced to simple leaf-like flabella ; they are all devoid of hairs 
or spines. The body is then prolonged into a trumpet-shaped 
penis slightly bifid at the free end, which bends forward along 
the ventral surface between the appendages of the two sides. 
From the base of this projects backwards a bilobed knob prob- 
ably representing the abdomen; at this point commences the 
dorsal curvature, a slight segmentation being recognisable 
before the posterior junction of the carapace with the thorax 
is reached. 

The epidermis, a single layer of flattened cells, is covered 
over the whole surface of the body, carapace, and appendages, 
by a thin chitinous cuticle ; though a calcareous layer might 
have been removed by the action of the decalcifying fluid 
in which the Bathyactis had been placed, no histological 
evidence of such a deposit is forthcoming. The spines on the 
carapace are simply outgrowths of the cuticle and epidermis, 
and show no trace of a nervous or nutritive function. The 
perivisceral space underlying the outer body wall does not 
appear to be sharply bounded on the parietal surfaces. Mus- 
cles (striated), individual muscle-fibres, and connective-tissue 
strands run through it; at some points the parietal surfaces 
appear to be discontinuously lined by large roundish cells, of 
a markedly yellowish tint and very granular contents; it is 
possible that the discontinuity of this layer is due merely to 
the method of preservation. The splanchnic surfaces are 
lined by small flattened cells; no epithelial layer surrounds 
the muscles or generative organs. In the specimens drawn in 
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figs. 83—5 the perivisceral space is very large, but with the 
maximum development of the generative organs it becomes 
almost entirely obliterated. 

The alimentary canal (figs. 3—5) commences with a long 
stomodzeum which bends upwards and backwards to about the 
centre of the body ; here it meets with the hypoblastic section 
of the tract, into which it projects as a papilla without direct 
continuity of the embryonic layers. From this point runs 
backwards what is probably the representative of the true 
intestine, terminating blindly at the base of the penis (int.) ; 
it is also continued forwards into the head region (tné'.), and 
sends a third offset upwards and backwards under the dorsal 
wall of the carapace (ind®.) ; all three ceca lying in the median 
plane of the body. Just behind the entrance of the stomodzum 
into the intestine are given off at right angles the hepato- 
pancreatic diverticula, bending outwards and backwards into 
the carapace (in¢*.), and branching into smaller cecal lobes (the 
gland of the left side has of course been removed with that 
half of the carapace in fig. 3). The lining membrane of 
the hepatopancreas and alimentary canal consists throughout 
of well-marked cubical cells, showing no specialisation in any 
particular region. 

The nervous system (coloured black in figs. 3, 5) consists of 
a minute supra-cesophageal mass of transverse nerve-fibres 
devoid of nerve-cells (a curious result of the degraded habit of 
life), of two cireumcesophageal commissures with nerve-cells, 
and of a comparatively thick ventral cord well supplied with 
cells. The latter is apparently not differentiated into ganglia, 
but gives off nerves dorsally to the surrounding tissues. No 
branches of importance are given off to the appendages; no 
eyes or other sense-organs were recognisable. 

The animal is hermaphrodite. The testes (figs. 4, 5) are 
paired, and consist of one or more lobes on each side, lying 
posteriorly in the carapace among the hepatic ceca. The 
diagrammatic figure 4 is taken from a specimen in which the 
generative organs had not reached their maximum develop- 
ment, although the vasa deferentia were charged with appa- 
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rently ripe spermatozoa; in another specimen they completely 
filled the dotted area marked ¢e!., obliterating the dorsal and 
posterior region of the perivisceral space. Hach lobe of the 
testis is divided into lobules, and the contents of each lobule 
are all at the same stage of spermatogenetic development. 
The whole organ, as well as each separate lobule, is surrounded 
by a thin, structureless, connective-tissue capsule, and no peri- 
visceral epithelium lines the-capsule externally. A testi- 
cular epithelium of cubic cells with large round nuclei is 
generally visible internally on the proximal side of the organ, 
from which presumably the groups of sperm-cells are derived ; 
it is not visible among or around the lobules themselves. In 
fig. 7 are represented such stages of the spermatogenesis as 
occurred in the sections, arranged as far as possible in develop- 
mental order and forming an incomplete series; in the organ 
itself, however, the position of a lobule in the testis bears no 
relation to the stage of development attained by its contents, 
and the number of sperm-cells included appears also to be 
variable. In stage 1 a number of germinal cells are already 
encapsuled, which in stage 11 have proliferated; the cells then 
appear to enlarge, and the granules of the nucleus, which 
presumably represent the nodes of the nuclear reticulum, stain 
more deeply ; the round nucleus is then replaced by chromatic 
loops (stage Iv), and division appears to take place resulting 
in the formation of cells with small highly-chromatic nuclear 
loops (stage v). At this point there is a wide gap in the series 
which I am unfortunately unable to bridge, stage vi repre- 
senting spermatozoa forming a loose reticulum of thin strands. 
The reticulum becomes closer, the spermatozoa thicken and 
stain very deeply (stage vii), and then arrange themselves with 
their longer axis more or less parallel (stage vir). In the 
vas deferens itself they resemble the last-mentioned stage, and 
lie with their longer axes parallel to each other and to the 
tube. The vasa deferentia on each side pass directly to the end 
of the penis, on which they open separately. 

The ovary (figs. 4, 5) forms a lobate mass on each side of 
the intestine, lying mainly in the carapace in a position 

VOL. XXX, PART 2,—NEW SER. H 


112 G. HERBERT FOWLER. 


anterior and ventral to that of the testis. The two halves are 
connected by a bridge which lies dorsal of the intestine, just 
behind the point where the dorsal cecum is given off. In 
this region are to be found the youngest ova, which pass from 
here right and left into the peripheral parts of the organ as 
they ripen. They appear to be budded off from the follicular 
epithelium which lines the whole of the organ. In the condi- 
tion of maximum development the ovary extends forward, 
obliterating the perivisceral space and filling the dotted area 
marked ov!. in fig. 4. The oviduct I have not been able to 
identify with certainty, but a structure which may be of that 
nature starts from the proximal edge of the ovary near the 
median bridge, and runs ventrally towards the region of the 
first thoracic appendage. It is probably visible with certainty 
only during the passage of an ovum; the vasa deferentia 
would have been similarly unrecognisable but for their being 
charged with spermatozoa for nearly their whole length. 

With regard to other structures in the body, a large mass 
of cells (gl. in figs. 4, 5) lies on each side of the intestine 
between the union of the stomodeeum and that of the hepatic 
diverticula with the alimentary canal. This gland, as it may be 
called, is not surrounded by any connective-tissue capsule or 
perivisceral epithelium, and consists of cells with large round 
nuclei, and strongly suggesting germinal cells in their histo- 
logical appearance. Against this possibility, however, argue 
the facts that they are not in contact with the ovary at any 
point, and that the youngest ova are to be found in the 
median bridge mentioned above as connecting the two halves 
of the ovary. No duct appeared to be connected with these 
“ slands,”’ and they are not continuous with each other below 
the intestine. A glandular mass in nearly the same position 
was recorded by Lacaze-Duthiers in his account of Laura. 

Starting in the oral cone, apparently in a loose network of 
connective tissue, a duct with clearly defined lumen runs back- 
wards to open at the base of the (first or) second appendage. 
As to the function or homology of this duct, I have no sug- 
gestion to offer at present. 
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A larze digastric occlusor muscle lies on the ventral side of 
the stomodeum, close to its entrance into the intestine, and 
just in front of the gland of unknown significance mentioned 
above. It is omitted in the diagrams for clearness sake. 


RELATION OF PeTRarRcA TO LAURA AND TO SYNAGOGA :—THE 
ASCOTHORACIDA, 


Of Synagoga, we have at present only the short preliminary 
account by Norman (‘ Rep. Brit. Assoc.,’ 1887, p. 86), dealing 
merely with the external characters. From this it appears 
that it strongly resembles Laura, but that the appendages have 
undergone less degeneration. 

_ Laura gerardiz! (‘Mem. Ac. Sci. Instit., France,’ xlii, 
160 pp., vill pls.) is parasitic on, and overgrown by, the polyps 
of Gerardia, an Antipatharian genus from the Mediterranean 
coast of Africa, It is adherent to the stock of its host by a 
remarkable development of processes on the carapace, which 
grow in among the tissues of Gerardia, and are probably 
nutritive in function. The carapace is an elongate sac within 
which the animal lies (1. c., pl. i, figs. 1, 2) and is thus formed : 
a narrow stalk-like outgrowth from the head? becomes almost 
at once an enormous fan-shaped expansion (l.c., pl. ui, fig. 15; 
pl. i, fig. 25), measuring up to 4 cm. in length; and the two 
expansions fuse along the dorsal and ventral lines except for 
one small opening. The animal, generally less than 1 cm. in 
length, is to be found near this opening, towards which both 
cephalic and anal regions are directed ; it is divisible into the 
following regions (l.c., pl. ii, fig. 25): (1) a large dome- 
shaped swelling, regarded by Lacaze-Duthiers as the head [but 
which is probably an exaggerated buccal cone]; it is grooved 
ventrally and anteriorly, and at the summit of the groove is 
placed the buccal armature, an arrangement of styliform pieces 


1 Matter additional to Lacaze-Duthiers’ original description is enclosed 


in square brackets. 
2 Query: on each side? Neither from the figures nor description have I 


been able to infer with certainty whether one median dorsal or two dorso- 
lateral outgrowths give origin to the carapace. 
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[? = mandibles + maxille i] of some complexity; (2) a com- 
plete ring-shaped segment [the true head] from which the 
antenne take origin, and from which grow out the stalks 
which expand into the carapace. [The position of the antenne, 
and of the supra-cesophageal ganglion (1. c., pl. iv, fig. 44) 
seem to leave no doubt that this part corresponds to the true 
head.] Ventrally this [head] bears a pair of [sucker-like] 
swellings, as to the nature of which the French Professor 
expresses himself in doubt; in one place (p. 70), stating that 
they may, “‘morphologiquement peut-étre, représentent quelques 
paires ou pieces buccales ou appendices supérieurs;” at another 
(p. 148), styling them “ antennules, ou tubercles sous-cépha- 
liques.” [Being post-oral and ventral they can hardly be 
regarded as antennules, and may possibly correspond to a 
(second) pair of maxille.] (3) The next region consists of 
six complete [thoracic] segments, each bearing a pair of simple 
uniramose limbs. At the base of the first pair open the 
oviducts; in the bases of the succeeding four pairs lie the 
testes, opening on the basal joint by a number of small 
tubules; the last, or sixth pair, has no connection with 
the generative organs. (4) Behind this [thoracic] region 
come three limbless [abdominal] segments, with the last of 
which articulate a pair of stout caudal spines. In the cara- 
pace lie a strong adductor muscle, and the hepato-pancreatic 
and ovarial ceca, the latter opening as mentioned above at 
the base of the first [thoracic] limb, and connected with each 
other by a bridge above the intestine [as in Petrarca]. The 
cesophagus [stomodzeum] projects on a papilla into the intestine 
(l.c., pl. iv, fig. 44) ; the latter, after giving off a hepato-pan- 
creatic cecum into the carapace on each side, passes to the 
caudal region, where Lacaze-Duthiers was unable to demon- 
strate the presence of an anus. [The nervous system consists 
of the same parts as that of Petrarca described above.] A 
Nauplius, and probably also a Cypris-larva (cf. 1. c., p. 137, 
pl. vii, fig. 102), occur in the development. 

On comparing Petrarca with this description, it is at once 
apparent that the new type has undergone a much greater 
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degradation. No head region is distinctly marked off as such, 
only one pair of mouth appendages is recognisable, the thoracic 
appendages are reduced to a far simpler character, the abdominal 
region has almost disappeared, and segmentation occurs only in 
the posterior region of the body. 

On the other hand, the resemblances that exist between the 
two forms are so marked that it is impossible to doubt of a 
close genetic relationship. The similar habit of parasitism 
upon Anthozoa, the presence of a large lateral carapace into 
which penetrate the organs of digestion and of reproduction, 
the similar construction and dorsal flexure of the antenne, 
the presence of six pairs of thoracic appendages and of a more 
or less reduced abdomen, the hermaphroditism (a rare feature 
among Crustacea), are ordinal characteristics of these two 
animals and of Synagoga, and are found in no other single 
group. We may unite them under the name Ascothoracida, 
suggested by Lacaze-Duthiers, and accepted by Norman in his 
account of Synagoga. 

The main differences between Laura and Petrarca, in addition 
to those mentioned above as being indicative of a further 
degradation, are: (1) the extension of the carapace over a 
larger number of segments in Petrarca; (2) the development by 
the latter of two additional median ceca on the intestine; and 
(3) the position of the testes. With regard to this latter point, 
it is interesting to note that while in Petrarca the testes are in 
the thorax, and in Laura at the bases of certain of the limbs, 
they occur in (adult) Cirrhipeds in both regions, lying above 
the nerve-cord and filling the protopodite of the first five and 
sometimes also of the sixth pairs of legs. 


RELATION OF THE ASCOTHORACIDA TO THE CIRRHIPEDIA AND 
OstTRACODA. 


It was stated above that the characteristics of the Ascothor- 
acida are found in no other single group, but they are so 
markedly shared between the Cirrhipedia and Ostracoda as to 
suggest that they may indicate a genetic relationship between 
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these two groups. Though it is customary to assume that de- 
generacy is a necessary consequence of parasitism, few more 
favorable conditions for the preservation of ancestral charac- 
teristics could be found than those of an animal which adopted, 
at an early period of biological time, a semi-parasitic (com- 
mensal) habit upon hosts exposed to no special dangers,' and 
would therefore not be subjected to any violent struggle for 
existence, provided always that some means for reaching its 
host be retained for at least the duration of larval life. Such 
conditions are realised by the Ascothoracida: a free larval 
existence (judging from the development of Laura) brings them 
either to an Antipatharian or a Bathyactis, both well protected 
by skeleton and nematocysts, and in the latter instance at 
a depth where the struggle does not seem to be severe. 

The agreement of the Ascothoracida with the Lepadide (the 
least modified of Cirrhipedia) is very strongly marked. While 
it is impossible to present a definition of the latter group which 
shall include all its characteristics, it will yet be admitted that 
the presence of only one pair of antennz in the adult, of an 
indifferently-segmented thorax bearing six pairs of appendages 
(biramose in Synagoga), of a rudimentary abdomen, on the 
ventral side of which springs an enormous penis, of an oviducal 
opening at the base of the first thoracic limb (Hoek, Cirrhi- 
pedia [anatomical part], ‘Chall. Rep. Zool.” vol. x), and 
the position of the testes in the bases of the thoracic appen- 
dages, are all features of prime morphological importance, 
which characterise the Lepadide and are shared among the 
Ascothoracida. The presence of shell-pieces on the mantle of 
the one, and the reduction of the mouth parts and simplifica- 
tion of the appendages in the other, are characters of secondary 
value, dependent on their different modes of life. 

While the points of resemblance to the Cirrhipedia are so 
strong and so numerous, the presence of a bivalve carapace, 
which is not a mere lamina composed mainly of epidermic 
structures, but a capacious lateral outgrowth of the 


1 If the host be modified in accordance with changing or unfavorable con- 
ditions, modifications will probably be also induced in the parasite. 
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body itself into which the organs of reproduction 
and digestion are continued, is a feature confined among 
Crustacea to the Ascothoracida and the Ostracoda; a limitation 
the more remarkable, since in almost every group, both of 
Entomostraca and Malacostraca, occur examples of the de- 
velopment of a protective carapace. 

Allowing to these facts the weight which I would assign to 
them, the Cirrhipedia and Ostracoda are brought into more 
intimate relations than has hitherto been admitted. 

Since the phylogenetic significance of the Nauplius larva, 
and more especially the value of its subsidiary features, is still 
under discussion, it is enough to say here that there is no such 
violent discrepancy between the early Nauplius of Balanus 
(the most typical among Cirrhipeds) and that of Laura, the 
only Ascothoracidan with whose development we are acquainted, 
as to necessitate a separation between these two groups. The 
Nauplius of Ostracoda presents a very different appearance 
from the two just mentioned; it is, when freed, already 
enclosed in a bivalve shell, and presents the lateral flattening 
characteristic of the adult; on the other hand, the so-called 
Cypris-stage in the development of Cirrhipedia brings the two 
groups into close proximity. As to its phylogenetic value, 
*it is clear that the Cypris-stage represented more or less . 
closely an ancestral form of the Cirrhipedia, and that both 
the large bivalve shell and the large compound eyes were 
ancestral characters. These characters would seem incom- 
patible with Copepod affinities, but point to the inde- 
pendent derivation of the Cirrhipedia from some early bivalve 
Phyllopod form” (Balfour, ‘Comp. Embryol.,’ i, p. 424). The 
mention made by Balfour of Copepoda refers to the views of 
Claus on the matter, which are most simply expressed by 
reproducing his table of the descent of the Entomostraca! (the 
Protostraca are the “‘ Urphyllopoden” of his earlier writings) : 


1 This phylogeny is indicated in the “‘ Untersuchungen zur Erforschung 
der genealogischen Grundlage des Crustaceen-systems” (Wien, 1876, 4to), 
and the table taken from the ‘‘ Neue Beitrage zur Morphologie der Crusta- 
ceen,” ‘Arb. Zool. Inst. Wien,’ vi, p. 105. 
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Ostracoda. Phyllopoda. Argulide. Copepoda. Cirrhipedia. 


| 
Protostraca. 


With regard to the supposed close relationship between 
Cirrhipedia and Copepoda, so clearly indicated by Claus in this 
table, I again quote from Balfour a passage which, I believe, 
expresses the views of most zoologists on the matter: ‘The 
Cirrhipedia are believed by Claus to belong to the same phylum 
as the Copepoda. This view does not appear to be completely 
borne out by their larval history. The Nauplius differs very 
markedly from that of the Copepoda, and this is still more true 
of the Cypris stage. The Copepod-like appendages of this stage 
are chiefly relied upon to support the above view, but that form 
of appendage was probably very primitive and general, and 
the number . . . does not correspond to that in Cope- 
poda. On the other hand, the paired eyes and the bivalve 
shell form great difficulties in the way of Claus’s view” 
(Comp. Embryol.,’ i, p.423). The appendages on which Claus 
relies consist of protopodite, exopodite, and endopodite, and 
are of the primitive and widely-spread type on which Milne- 
Edwards and Huxley first laid insistance, and which Ray 
Lankester has shown to have been derived at an early period 
of biological time from the yet more primitive Protophyllopodan 
(Protostracan) limb. 

While both Claus and Balfour regard the Ostracoda as 
having originated independently of other phyla from the 
Protostracan stem, I would submit that the remarkable organi- 
sation of the Ascothoracida and the existence of the other- 
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wise inexplicable Cypris-larva point rather to a descent which 
may be thus expressed : 


Copepoda. Phyllopoda. Ostracoda. Ascothoracida, Cirrhipedia. 


ooo 
Synagoga. Laura. Petrarca. 
vi 


VA 


Cypridiform larva. 


Protostraca. 


The point of divergence between the phyla of the Ostracoda 
and Cirrhipedia would be characterised by a bivalvate organism 
with six pairs of thoracic appendages and some abdominal 
(Laura) segments, the reduction of which has proceeded further 
in the case of the Ostracoda than in the other groups (ef. 
Balfour, ‘Comp. Embryol.,’ i, p. 425). The existing Cypridi- 
form larva would approximately represent the (? hermaphrodite) 
ancestor of Cirrhipedia and of the Ascothoracidan type, while 
Petrarca may be regarded as having branched off from the main 
stem at a later period than its two congeners, when the deve- 
lopment of a terminal penis had been already acquired as a 
secondary character. 

To Canon A. M. Norman and to Professor E. Ray Lankester 
I desire to express my obligation for valuable suggestions. 


Notre.—The relation of Petrarca to its host is a case which 
may be termed either commensalism or parasitism. On the 
one hand, Tenia, an undoubted “ parasite,” does not derive 
sustenance directly from its host; on the other, many Amphi- 
poda, exhibiting no trace of degeneration, live in Anthozoa, 
and are generally ranked as commensals. 
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EXPLANATION OF PLATE VIII, 


Illustrating Dr. G. Herbert Fowler’s paper on ‘‘ A Remark- 
able Crustacean Parasite.” 


The animal is represented in all the figures in the Cirrhipedian position, 
z. e. with the dorsal surface downwards. 


abd. Abdomen. ov. c. Oral cone. 
ant, Antenna. ov. Ovary. 
gl. Gland of unknown function. ov'. Space filled by ovary in maxi- 
iat. Intestine. mum development. 
int’, Cephalic (median) cecum. pe. Penis. 
int?. Dorsal (median) cecum. st. Stomodeum. 
int?, Hepato-pancreatic (paired) cx- | ¢e. Testis. 
cum. tel. Space filled by testis in maximum 
i—vi (Fig. 3). The six thoracic ap- development. 
pendages. v. d. Vas deferens. 


Fic. 1.—The animal from the ventral surface, lying in the bivalve carapace. 
From the cephalic region project (downwards in the figure) the two antenne, 
behind which lies the grooved oral cone. Two thin filaments behind this 
represent the first pair of thoracic appendages ; between the next four pairs 
of appendages, which are flabelliform, projects forwards the terminally 
bilobed penis, at the base of which are seen two small lobes representing the 
reduced abdomen. 

Fic. 2.—Dorsal view of the carapace, which completely conceals the body 
of the animal. 

Fic. 3.—The animal from the left side, to show the alimentary system, 
nervous system, and appendages; the left half of the carapace, with its 
contents (the ovary, testis, and hepato-pancreatic diverticulum), having been 
removed. While both right and left antenne were visible in this specimen, 
the remaining appendages are those of the left side only. The nervous 
system is represented in black. 

Fic. 4.—Viewed from the left side, to show the reproductive organs. The 
appendages, the carapace, and hepatic diverticulum of the left side are removed, 
leaving the ovary and testis visible. 

Fic. 5.—The animal is supposed to have been transversely divided, and the 
two halves opened. The anterior half is that on the right of the figure. 

Fic. 6.—The antenna. 

Fic. 7.—Diagram of the testis, showing various stages in the spermato- 
genesis. 
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Notes on the Anatomy of Scorpions. 
I.—External Sexual Characters. 
By 


Muliyil Narayanan, B.A. (Madras). 
From the Biological Laboratory, Presidency College, Madras. 


With Plate IX. 


Ir is stated in certain text-books that male Scorpions differ 
from the females in having broader chelz and a longer post- 
abdomen. Professor Bourne has pointed out to me that these 
characters are not, at any rate in the species which we have ex- 
amined, valid. The chele of the male are indeed, in the species 
Scorpio (Pandinus) fulvipes, which is common in Madras, 
narrower than those of the female. 

Professor Bourne has called my attention to the fact that 
there is, however, a constant and well-marked difference between 
the genital opercula in the two sexes, and at his suggestion I 
have made the following observations. 

The genital operculum is sometimes spoken of as “a small 
valve-like flap ” (Claus, ‘ Zoology,’ English edition),! sometimes 
as the “valves which cover the genital aperture” (Huxley, 
‘ Invertebrata’). Lankester has stated? that among many of 
“the points which it seems desirable to note in all cases, and 
to record by enlarged drawings . . . . is the chitinization 
of the genital operculum, whether in two quite separate plates, 
as in Brotheas, or in one imperfectly divided plate.” 

My observations show that the division of the genital oper- 


1 « Zwei Klappen” (Claus, ‘ Grundziige der Zoologie,’ 1880). 
2 « Transactions of the Zoological Society,’ vol. xi, part x, 1885, p. 381, 
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culum into two separate plates has not in itself any generic or 
specific value, but is, in many cases at any rate, a sexual char- 
acter only. 

In all the species of Scorpio, Androctonus, and Euscor- 
pius, which I have examined, the genital operculum consists 
of a single plate in the female; but in the male this plate is 
divided into two lateral halves. The genital operculum of the 
female, seen when the animal is viewed from the ventral 
aspect, is shown in Pl. IX, fig. 3 (VII. G.o.). It is a chitinous 
plate attached to the sternal region of the body immediately 
posterior to the so-called “ Sternum’”’ (the fused sternites of 
the fifth and sixth somites). Its posterior edge is unattached 
and free, so that it may be turned forward (PJ. IX, fig. 4). 
When thus turned forward the median oviducal aperture is 
visible. The operculum presents, on its sternal surface, an 
indistinctly marked longitudinal groove, and its margin at 
either extremity of this groove is clearly bifid. 

In the male a very different arrangement obtains. The 
genital operculum consists of two totally distinct pieces lying 
on either side of the median line; these may be called the 
opercular plates. When in its natural position (Pl. IX, fig. 
1) this is not very obvious, and except for a very slight 
difference in shape it appears to be like that of the female, 
the median groove being, however, more deeply marked. But 
if we attempt to turn it forward the groove is seen not to be 
a groove at all but an actual division of the plate into two 
lateral pieces. Each piece is hinged anteriorly, so that it can 
be turned forwards and outwards (Pl. IX, fig. 2). When the 
pieces are thus turned forwards the genital aperture is not 
visible as it would be in the female. It is hidden by various 
structures to be described below. 

A pair of processes which have hitherto, so far as I am 
aware, entirely escaped observation, is seen (Pl. IX, fig. 2, p7.). 
They are turned forwards and are triangular in shape, and are 
covered with light-coloured chitin, and doubtless serve as copu- 
latory processes. I propose to term these the “ sub-opercular 
plates.” The genital aperture is hidden by a transverse muscle 
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(m. ad.), the fibres of which run across from one opercular 
plate to the other, and which acts as an adductor muscle. 
Other muscles are present which serve to elevate and depress 
respectively the halves of the operculum. The genital aperture 
is single and median, but smaller than that of the female. 

The fact that the genital operculum in the male consists of 
two lateral pieces possesses a special interest in view of the in- 
terpretation which Lankester has recently put upon the relation 
and homology of these structures. 

Lankester states that,| “the history of development in 
Limulus shows that this genital operculum starts as two 
independent processes of the body, which are to be regarded 
as the appendages of the seventh segment. The operculum 
retains, throughout life, evidence of its double origin, and 
clearly resembles in form the five succeeding pairs of ap- 
pendages which carry the respiratory lamelle. In Scorpio, 
on the other hand, the genital operculum is relatively of very 
small size. Very little trace of having been formed by the 
union of two lateral appendages is exhibited by the genital 
operculum of Scorpio. At the same time its bifid margin 
speaks of such an origin .’ He further shows from 
the development of these parts, that the genital operculum 
arises as a pair of rudimentary appendages. 

My observations show that while in the female the median 
groove and its bifid margin really indicate a union of two 
lateral pieces into one single plate, in the male it remains 
throughout life as a pair of movable plates. These observations 
serve to corroborate Lankester’s views, and go far to establish 
the fact that the genital operculum of Scorpio represents a 
pair of appendages of the seventh somite as the pectines 
represent those of the eighth somite. 

I am indebted to Professor Bourne for the drawings of these 
structures. 


! «Limulus an Arachnid,” ‘Quart. Journ. Mier. Sci.,’ vol. xxi, 188], 
p. 524. 
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DESCRIPTION OF PLATE IX, 


Illustrating Mr. Narayanan’s “ Notes on the Anatomy of 
Scorpions.” 


List of Reference Letters. 


st. Sternum (fused sternites of the fifth and sixth somites). V. séc., 
VI. ste. Sternocoxal processes of the fifth and sixth cephalothoracic appen- 
dages. V,., VI, Bases of the second sclerites of the same appendages. 
VII. G. O. Genital operculum. VJJI. p. Pectines. «. Sternite of the eighth 
somite. IX. sty. Stigmata leading into the pulmonary sac containing the 
appendage of the ninth segment. pr. Sub-opercular plates. d.m. Depressor 
of the operculum. m.ad. Transverse (adductor) muscle of the operculum. 


Fic. 1.—Region of the genital operculum in a male Scorpio fulvipes 
viewed from the ventral aspect; the opercular plates closing over the genital 
aperture in the natural position. N.B.—The opercular plates are shown as 
very slightly divaricated from one another, as after they have been turned 
forwards two or three times with a needle they do not return absolutely into 
their natural position. 


Fic. 2.— View of the same specimen, but with the opercular plates turned 
forwards. The muscles here shown lie, of course, beneath the transparent 
skin. 


Fic, 3.—Similar view to Fig. 1, but of a female specimen. 


Fic. 4.—Similar view to Fig. 2, but of a female specimen. Here the 
genital aperture is clearly visible. 


N.B.—The existence of fifteen teeth to the comb in the male specimen and 
of fourteen in the female is noteworthy. ‘The figures were drawn from the 
object by Mrs. A. G. Bourne. 

Professor A. G. Bourne has observed in seven males of Scorpio fulvipes 
the following numbers for the teeth of the right and left pectines respectively :— 
15-15, 13-138, 15-16, 15-14, 16-16, 15-15, 15-16. And in three females 
the following numbers—12-13, 14-14, 14-14. In both series the specimens 
were taken by hazard from amongst a number without reference to the 
numeration of the comb-teeth. 
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The Anatomy of Phoronis Australis, 
By) 


William Blaxland Benham, D.Sc., 
Demonstrator in the Zoological Laboratory of University College, London. 


With Plates X, XI, XII, and XIII. 


INTRODUCTION. 


Wuen I commenced the study of Phoronis, at the sug- 
gestion of Professor Lankester, in October, 1887, I had at 
my disposal only some specimens of the small species from 
Naples, but Mr. W. H. Caldwell, hearing of my intention 
to investigate the anatomy of the animal, most readily and 
very generously gave me a number of large species, Ph. 
australis, which he had brought from Australia. These are 
very well preserved, and are of such a size that it is possible 
to dissect them, and to observe, by this means, certain points 
in the anatomy. I wish here to express to Mr. Caldwell my 
most hearty thanks for this kindness. 

I had practically completed this memoir when Professor 
MclIntosh’s description of Ph. Buskii appeared in the 28th 
vol. of the ‘“ Challenger” Reports’ (19). He there gives a 
history of the literature on the subject, which renders it 
unnecessary for me to give such a detailed account of it as 
I had intended, and I shall therefore merely refer to some 
of the more important facts previously observed. Indeed, 
the appearance of Professor McIntosh’s memoir almost in- 
duced me to give up the idea of publishing my own account, 
but as I can add some new facts—more especially as regards 
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histology—and have to make some corrections in his descrip- 
tion, I feel justified in adding one more paper to the literature 
of the subject. 
I shall deal with the animal under the following heads: 
I. Anatomy. 
II. Description of species. 
III. Affinities of the genus. 


I. ANATOMY. 


Most of the following facts were obtained by a study of 
Ph. australis, Haswell, partly by means of dissection, though 
mainly by the study of longitudinal and transverse sections. 
In most cases the results were confirmed by comparison with 
similar sections of the Naples species. 

The spirit specimens which I received from Mr, Caldwell 
had been removed from the sac in which several of them live 
together, and which is now known to be formed by a species of 
Cereanthus; they had been killed with corrosive sublimate, 
and were very well suited to histological investigation. 

External Features.—The length of the individuals varies 
from three to six inches,” the diameter averaging about one 
eighth of an inch; but this diameter is not constant, as all the 
specimens showed swellings and constrictions at intervals along 
their length (fig. 1), as McIntosh has also observed in Ph. 
Buskii (19). At one extremity is the crown of tentacles, 
about half an inch or more across ; this extremity of the body 
I will call the “oral ” extremity, whilst the abtentacular end 
may be termed its “ aboral ” extremity. 

In all cases this latter extremity presented a slightly different 
appearance to the rest of the body. About a quarter of an 


1 The common Naples species is the one which Kowalevsky studied, and 
Mr. Caldwell has given it the specific name “ Kowalevskyi.” 

2 This species is thus considerably larger than Ph. Buskii, so that 
McIntosh must have seen only small specimens of the present species, as he 
states that his species of two inches is the longest known. 
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inch from the end the body dilates rather suddenly to form 
the bulbous region (fig. 1, 0.), and then tapers off so as to 
terminate in a blunt rounded cone. At the tip is a fairly 
conspicuous pit, as in Sipunculus. Professor McIntosh (19) 
appears to regard this pit as being a special glandular organ, 
and figures sections at three different levels. I can find no 
special glandular cells, and from my fig. 35 it is seen to be 
merely a slight inpushing of the body wall, the pit being more 
or less completely filled by the cuticle. The stomach is here 
connected to the body wall by a ligament. 

The “oral” extremity carries the crown of tentacles, 
within which are placed the mouth, anus, and nephridiopores. 

The general surface of the body, when viewed with a lens, 
exhibits closely-set transverse wrinkles (fig. 3), which are pro- 
duced probably by the contraction of the longitudinal muscles, 
and have of course no segmental significance. Near the 
aboral extremity, in the region marked 0. in fig. 1, this 
transverse wrinkling is absent, but the longitudinal strie, 
which are faintly seen elsewhere, are here strongly marked 
(fig. 4). As will be seen later on, the muscular layers undergo 
a remarkable inversion in this region. 

In some parts of the body remains of the cuticle are seen, 
especially aborally. The crown of tentacles occupying the 
oral end of the body (figs. 1, 2) is supported by a ridge, the 
lophophore, which passes completely round one side of the 
animal, but on the opposite side turns inwards, before reaching 
the middle line. This enables us to distinguish the “oral ” 
from the “anal” side of the creature. On the anal side the 
crown of tentacles appears incomplete, or rather a little on 
each side of the middle line the lophophore curves inwards 
(fig. 6). In the space thus left three ridges are apparent. 
The middle, rather larger, encloses the rectum, and may be 
distinguished as the “rectal” ridge. Hach of the others is a 
nephridial ridge. These ridges are more prominent imme- 
diately between the tentacles, and are continued for some 
distance inwards, that is, towards the oral side (see fig. 7). 
At the terminations of these ridges are placed the anus and 
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nephridiopores. Mr. Caldwell (4) has shown that the very 
small area between the mouth and anus is the true dorsal 
surface which is somewhat depressed, and at the sides of which 
the nephridiopores are placed; the rest of the body, or “ foot” 
of some authors, is ventral. 

In order to see the mouth it is necessary to remove the 
tentacles on the oral side, which here pass uninterruptedly 
from right to left. The mouth is then seen to be a wide 
though compressed funnel-shaped opening, the corners of 
which are continued as grooves, right and left, between the 
tentacles (figs. 5, 7). The lophophoral ridge, as I have 
already remarked, bends inwards on each side of the anal 
region, and longitudinal sections show it to be fused with 
the body throughout its whole length; and though it is here 
more complicated than in the Naples species, yet in neither 
species could it ever attain the position figured for it by 
Allmann (1, p. 156), whose figure conveys an entirely erroneous 
idea of the animal in this and one or two other respects. 
Dyster (6) and Kowalevsky (15), however, who observed the 
living animal, represent the carriage of the tentacles in their 
natural, and only possible position. 

The tentacles spring from the lophophore in a double series, 
an outer and an inner row, leaving a deep groove—the “ lopho-' 
phoral groove’’—between them (fig. 7, /.g.). This groove 
deepens, and slightly widens on the oral side, and is con- 
tinued downwards into the cesophagus, so that we may 
imagine the corners of the mouth to be enormously drawn 
out on each side, then spirally coiled, whilst each lip or edge 
is provided with a number of long delicate tentacles. 

The lophophore varies in shape in the different species, 
for instance, in the Naples species the incurved ends are only 
slightly bent orally, so as to give a “ horse-shoe-shaped” lopho- 
phore (fig. 12), whereas in both Ph. australis and Buskii, 

4 «Preliminary Note on the Structure and Development of Phoronis,” 
‘Proc. Roy. Soc.,’ 1883, vol. xxiv, pp. 871—383. 

! € Monograph of Freshwater Polyzoa,’ p. 55. 


6 «Notes on Ph. hippocrepia,” ‘Trans. Linn. Soc.,’ 1858, 
1 “Structure and Development of Phoronis.” 
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each end is more or less spirally wound round a slight cone. 
The tentacles vary in length, those of the inner coils being 
successively shorter than those of the outer, visible rows. In 
this species there are three coils on each side. 

Whereas the outer series of tentacles is perfectly con- 
tinuous on the oral side, the corresponding inner series, that 
between mouth and anus, is incomplete, there being a gap at 
the dorsal mid-line, as shown ‘in figs. 12, 7. The tentacles to 
the right and left of the gap are the youngest of the whole 
series ; and it appears that the whole number of tentacles in- 
creases with the age of the animal. They are exceedingly 
numerous in Ph. australis and Buskii, whilst in Ph. 
Kowalevskyi (Caldwell) they are, in my specimens, about 
one hundred in number. 

The bases of the tentacles are connected together for about one 
quarter or about one third of their whole length, thus forming 
the so-called “ tentacular-membrane”’ (figs. 5, 6, 4.), as is the 
case with some Polyzoa: but, as will be seen, there is in 
Phoronis no true “membrane.” The ends of the tentacles are 
free, and can be in life, doubtless, moved about to some extent. 
In Ph. hippocrepia (Strethill Wright), Dyster has figured 
them gracefully curved, the outer series outwards, the inner 
series arching over the dorsal surface. 

Each tentacle has the following structure, as seen in transverse 
section, fig. 13. The epidermis consists of a single row of cells 
over the greater part of the surface, but on the inner surface 
is two or three cells deep, and those of the outer layer 
here carry long cilia ; within the epidermis is a ring of tissue, 
which forms the skeleton, and which Caldwell has shown to be 
mesoblastic in origin. This encloses a spacious cavity, con- 
tinuous below with the coelom; and in it lies, on the inner 
side, a blood-vessel. This vessel passes to the extremity of the 
tentacle, and is single throughout its extent, ending blindly at 
the tip, but dividing into two exceedingly short branches in 
the lophophore, as will be described below. 

A nerve passes up each tentacle on its inner side. At the 
base of the tentacular crown, in the region of the “tentacular 
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membrane,” the skeleton is incomplete. The basement tissue 
of the outer and inner surfaces is connected by vertical 
trabecule of the same tissue, placed at regular intervals, thus 
dividing this part of the colom into a number of separate 
cavities—the tentacular cavities. A little farther from the 
lophophore, an additional layer is seen on each side of each 
trabecula: still further upwards, this skeletal layer on each 
side of a tentacular cavity becomes thicker and is connected 
by a similar layer round its outer surface, so that now there is 
a semicircular skeleton resting on the basement tissue (fig. 14). 
When the “tentacular membrane” is passed the basement 
tissue forming the trabeculz has disappeared, and the skeletal 
layer has extended all round the cavity, as seen in fig. 13. 

There is not, therefore, a true “membrane” uniting the 
tentacles, asin Plumatella, for instance; but the tentacles, 
which are apposed to one another, are merely connected 
together by the trabecule of basement tissue. t 

In connection with the tentacular crown two structures 
must here be mentioned which have received various interpre- 
tations. 

At the base of the inner series of tentacles there is a pit on 
the dorsal surface on each side (fig. 7, gl.’). It was first 
observed by Dyster, and has been described by Caldwell (4) 
and McIntosh (19) as a “ ciliated pit ” having a sensory func- 
tion. I find no reason for regarding it as sensory ; it has not 
the structure which we should expect to see in a sensory 
organ, and I can detect no nerve going to it. 

Its structure is rather that of a gland, and McIntosh mentions 
that he observed mucus in the pit, and suggests that it may 
combine a glandular with a sensory character. Its outer wall 
consists of several layers of cells, the nuclei of which stain 
deeply (fig. 8, f.). The outermost layer consists of short 
columnar cells, which are continuous with the somewhat 
cubical cells of the epidermis of this region. The cells of the 
innermost layer, facing the pit, carry short cilia, and these are 
also found at the bottom of the pit, and for a short distance 
along its inner wall. But the greater part of the inner wall of 
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the pit is composed of elongated glandular cells, with nearly 
homogeneous, feebly-staining contents, and with a nucleus 
flattened against one side of the cell. The cells vary in 
length, so that we have apparently more than one layer ; 
ordinary epidermic cells are here absent, except quite at the 
bottom of the pit, where there is a combination of the glan- 
dular structure and the structure of the outer wall. At 
the bases of the glandular’ cells are seen rounded nuclei; 
it is these, perhaps, that have led the above-named ob- 
servers to attribute a sensory character to the gland, but 
I take them to be the nuclei of some of the longer gland- 
cells which are not pressed to the sides of the cells, and 
consequently retain a more circular outline. This glandular 
structure extends as a ridge (g/.) throughout the lophophore, 
lying along the base of the inner series of tentacles. I have 
therefore called it the “lophophoral gland,” or glandular 
ridge (fig. 15). 

The “ epistome”’ remains to be mentioned, although more 
properly belonging to the alimentary system. Allman (1) 
figured this as a somewhat finger-shaped process, arising 
between anus and mouth and overhanging the latter. In 
truth, this finger-shaped appearance is only to be seen in 
longitudinal sections, and then only to a very slight extent. 
Allman’s figure conveys quite a wrong idea of the organ. 

The epistome is attached along the outer base of the 
inner series of tentacles (fig. 15), and has only a small part of 
its upper edge free. It extends right across the oral side of 
the animal, from right to left (figs. 12, 7), and is readily seen 
on removing the outer series of tentacles (fig. 7). It may be 
conceived as a ridge along the oral side of the base of the 
inner row of tentacles at the bottom of the lophophoral groove 
on each side. As the latter deepens to become the mouth the 
line of origin of the ridge dips downwards, whilst its upper 
edge retains its former level. At the mouth, then, we have 
a vertical, transversely-placed flap, standing up between the 
mouth and the inner series of tentacles, and thus preventing 
any direct passage between mouth and anus which would other- 
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wise exist by virtue of the dorsal gap in the inner series of 
tentacles. 

The epistome is regarded by Caldwell as a small remnant of 
the pre-oral lobe of the larva. 

Its histological structure is shown in fig. 11. Its dorsal sur- 
face is covered by a cubical epithelium continuous with and 
similar to the surrounding epidermis. Its oral surface agrees 
with the epithelium of the cesophagus, and consists of very 
elongated, narrow columnar cells carrying cilia (o7.). At the 
base of these is seen nervous tissue. The epistome is hollow, 
the ccelom being continued into it, but this space is traversed 
by a skeletal tissue which passes from the basement tissue 
below the epithelium of the two surfaces. This skeletal 
tissue resembles the septum (see below), and is of the nature 
of cartilage. 

The Body Wall.—The body wall is formed of (1) epi- 
dermis, (2) basement membrane (or better ‘‘ basement tissue” 
of McIntosh), (3) circular muscles, (4) longitudinal muscles, 
and (5) coelomic epithelium (fig. 9). 

The epidermis consists chiefly of columnar, cuticle-secret- 
ing cells with pigment granules, and interspersed are a fair 
number of gland-cells, with spheroidal contents, like those in 
the “ granule-cells ” of the Earthworm’s epidermis. In the 
oral region the pigment granules are so numerous as to 
render the outer part of the epidermis nearly black. 

The basement tissue is an almost homogeneous layer 
of considerable thickness, immediately below the epider- 
mis; here and there can be found a cell, usually spindle- 
shaped, embedded in this tissue. It is continuous with the 
septum, and varies in thickness in different parts of the body, 
so that we are justified in considering it as being elastic. This 
layer is thinnest over the area of the rectal and nephridial 
ridges; and it is due to the thinness, probably, that these 
ridges are apparent; the tubes being able to push out the 
body wall. ° 

The muscular layers are not very thick; the fibres are 
unstriated. The longitudinal muscles are arranged, not con- 
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tinuously, but in groups, giving rise to the appearance of 
striz, in surface view. 

The celomic epithelium consists of pavement-cells, with 
prominent nuclei. 

In the aboral bulbous region of the body, the body 
wall differs somewhat in structure (fig. 10). The epidermal 
cells are considerably larger, and no glandular cells, or very 
few, are present; below the basement tissue comes the 
longitudinal muscular layer ; the circular muscles being here 
within them. McIntosh noted this inversion in his Preliminary 
Note, in 1881 (18). 

The epidermis covering the nerve-band will be described in 
dealing with the nervous system. 

The Nervous System.—As this system lies immediately 
below the epidermis, as Caldwell was the first to observe, it 
will be convenient to describe it at once. 

Passing aborally from the lophophoral ridge, the basement 
tissue is seen, in longitudinal sections, to be separated from 
the epidermis by a narrow layer of granular substance which 
is not stained in borax carmine (fig. 15, N.). Careful observa- 
tion reveals in this granular layer a few rounded nuclei 
belonging to small cells (nerve-cells), and numerous delicate 
fibres crossing the granular substance from the overlying 
epidermal cells. Whether these are nerve-fibres going to the 
epidermal cells, or whether they are exceedingly fine prolonga- 
tions of the bases of the latter I do not know. This is the 
nerve-band which has the following distribution : it follows 
the ridge of the lophophore, passing all round the oral side 
of the animal, and curves round at the side of the nephridial 
ridges, following the spiral course of the lophophore ; it always 
keeps along the outer series of tentacles (whilst the glandular 
ridge lies along the inner series). From this band of nerve- 
tissue a nerve goes to each tentacle, passing along its inner 
surface; a nerve goes to each nephridium; and, as we have 
seen, there isa nervous layer in the epistome, this being the 
only representative of a dorsally placed portion of the nervous 

18 © Proc. Roy. Soc. Edin.,’ 1881. 
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system. There is no concentration to form a ganglion any- 
where. The chief part of the nervous system lies ventrally. 
Caldwell (4) describes a longitudinal nerve passing for some 
distance along the left side of the animal and a tube imme- 
diately below this nerve. 

As far as I can gather from the description given by McIntosh 
(19), he also observed a longitudinal nerve, but his description 
is rather vague, and I am not sure that I understand it. 

At first I completely overlooked the subneural “ tube ;” or 
rather I mistook it for a space between the epidermal cells. Mr. 
Caldwell, however, was good enough to point it out to me, and 
then I discovered that there are two such tubes, one on each 
side of the body (fig. 18). Hach starts from the level of the 
nerve-band, and runs along the body wall, close to the attach- 
ment of the lateral mesentery. Its structure appears to be as 
follows : a space between the epidermal cells is occupied by 
rather large cells, with processes passing to the wall of the 
tube (fig. 19); or perhaps this appearance is due to shrinkage 
of the semi-fluid contents of the tube (cf. giant-fibres of Earth- 
worms). I was unable to make out any punctated substance 
which might be a nerve, but this might readily be overlooked if 
the specimens were not very well preserved. What the meaning 
or what is the nature of the tubes I am quite unable to say. 

The epidermal cells overlying the nerve-band are very long 
columnar cells, with oval nuclei; pigment granules are present 
in amore or less definite arrangement, and the bases of the 
cells are branched. Between the branches are placed one or 
two layers of small nerve-cells with rounded nuclei (fig. 16). 

The nerve-band is modified over two small areas, viz. along 
that part of its course where it passes the nephridial ridge on 
each side (figs. 15, N.', 23, p.). 

Here the epidermal cells are somewhat shorter than over 
the rest of the nerve-band; and the nerve-cells are in four or 
five layers, more or less arranged in rows (fig. 17). The 
granular layer is also rather deeper here than elsewhere. The 
structure of this region recalls a sense organ; though it is not 

+ «Proc. Roy. Soc.,’ xxxiv, 1883. 
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easy to perceive the use of a sense organ in this region of the 
body, close to the anus and nephridiopores. It is the only 
structure, which I have been able to find, which in any way 
suggests a sense organ. 

The Alimentary Canal.—The digestive system consists 
of a U-shaped tube divided into four regions; there are no 
accessory glandular outgrowths. The mouth leads into a 
spacious oesophagus, which gradually enlarges at the proximal 
extremity of the animal to form a stomach, beyond which the 
tube is constricted, and bends upon itself; a second smaller 
dilatation may be called the intestine, from which the rectum 
passes as a straight tube to the anus (figs. 23, 24). The 
mouth, as already mentioned, is placed between the outer and 
inner series of tentacles, and is continuous with the lopho- 
phoral groove of each side; it is overhung dorsally to a slight 
extent by the semicircular fold, spoken of as epistome. 

The esophagus is elongated, in section, from side to side ; 
that is, it is depressed dorso-ventrally. Its walls are thick and 
have the same structure as the oral surface of the epistome, 
being lined by a ciliated epithelium; a few circular and longi- 
tudinal muscle-fibres are present. 

The cesophagus is suspended to the body wall by three 
mesenteries ; a short median ‘ cesophageal mesentery” (a.) ; 
and two longer “ lateral mesenteries,” (4. 5.), placed on that side 
of the cesophagus which faces the intestine (fig. 18). So that 
the celom is here divided into three cavities—a “ rectal 
chamber” lying between the right and left lateral mesen- 
teries; and a right and left cesophageal cavity between the 
median mesentery and lateral mesentery of each side. Other 
fibres, probably muscular, cross the ceelom from the cesophagus 
to the body wall. 

The stomach, which lies at the aboral end of the body, is 
almost hidden, in a dissected specimen, by a whitish mass, 
which consists of the gonads. The wall of the stomach is no 
thicker than that of the cesophagus, but the cells are arranged 
in a peculiar way. The epithelium is seen (fig. 33) to be 
thrown into folds, so as to leave shallow crypts at more or less 
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regular intervals. The cells constituting a ridge are very 
long, narrow, and ciliated, containing a few granules (fig. 25, 
c.). These cells are much narrower at their inner extremities 
than at their free surfaces, so that they have a fan-shaped 
arrangement. 

The crypts alternating with the folds, have at the bottom a 
group of gland-cells, rather broader at their fixed ends than at 
their free surfaces, so that such a group of cells has somewhat 
the shape of a flask (gl.). The contents of these cells stain 
much more deeply than do those of the ridge-cells, and are 
much more finely granular. 

Among the bases of the cells are small patches of a finely 
granular, unstained substance, which I take to be nervous. 

The stomach is more or less completely surrounded by a 
plexus of sinuses of the vascular system. 

The intestine, or, as Caldwell calls it, the second stomach, 
is much narrower than the stomach. The epithelium consists 
simply of closely pressed granular columnar, ciliated cells. It 
is relatively short and soon passes into the rectum. 

The rectum is triangular in section throughout the greater 
part of its extent; its epithelium is not ciliated. 

The rectum is suspended to the body wall in a double way. 
It has its own “‘ rectal mesentery,” passing from one angle to 
the middle line of the body wall, almost exactly opposite to the 
cesophageal mesentery. Its second attachment is by means of 
the left lateral mesentery, against which one side of the rectum 
is fixed. The rectum passes outside the septum, at the oral 
region of the body, and lies immediately below the body 
wall (fig. 23), which it pushes outwards to form the rectal 
ridge. It then curves round to the dorsal surface, and opens 
by the anus, which is situated about the centre of the area 
enclosed by the tentacular crown, and very close to the gap in 
the inner series of tentacles. 

The Body-cavity.—The cavity in which the alimentary 
canal and blood-vessels lie is, as Caldwell (5) has shown, 


5 “Blastopore, mesoderm, and metameric segmentation,” ‘Quart. Journ. 
Micr. Sci.,’ 1885, 
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a modified kind of enteroccele, and is everywhere lined by a 
flattened epithelium, with rather prominent nuclei. The 
celomic fluid contains corpuscles of two sorts (fig. 20), prob- 
ably amoeboid in life. They are not very numerous, and 
perhaps as their only difference is in size, we are scarcely 
justified in distinguishing them. Some of the corpuscles at any 
rate are smaller, and others larger than the blood-corpuscles. 
Both are very finely granular, and contain a small nucleus. 
Some of the corpuscles, however, are more coarsely granular 
than the rest. All are circular in outline in preserved speci- 
mens. They are easily distinguished from the corpuscles 
contained in the blood-vessels by the difference in staining. 

The celom is divided into two very unequal cavities by a 
transverse septum, which passes somewhat obliquely across the 
distal region of the body at the level of the lophophoral ridge. 
The septum is somewhat dome-shaped, with the concavity 
downwards. The oral edge is slightly lower down than the 
anal edge. The anus and rectum lie completely outside of, 
whilst the cesophagus perforates, the septum (fig. 86). The 
smaller division of the ccelom, the supraseptal cavity, is con- 
tinued into the tentacles and epistome. The larger infra- 
septal cavity is the general body-cavity, and is further sub- 
divided by the mesenteries already mentioned. 

The chambers are all in communication proximally, as the 
mesenteries cease before the apex of the ventral surface is 
reached. The relations of these mesenteries has already been 
accurately described by Caldwell. 

The histological structure of the septum is of some interest ; 
it appears to be a sort of cartilage (fig. 22). It consists of 
a nearly homogeneous, dense matrix, sometimes fibrous, in 
which are embedded small spindle-shaped cells with rounded 
nuclei. Here and there are larger and smaller spaces, lined 
by cells, which appear to place the supraseptal cavity in com- 
munication with the infraseptal cavity. 

The basement tissue and the cesophageal mesentery are of 
the same nature as the septum, but the cells are rare. The 
two lateral mesenteries are so thin that I have been unable 
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to detect any cells, but I think we may safely consider that 
all these, as well as the tentacular skeleton and that of the 
epistome, have really the same structure. 

The Vascular System.—The character which has struck 
all those observers, such as Strethill Wright (25), and Dyster 
(6), who have examined the living Phoronis, is the red colour 
of the vascular system. 

This consists of a closed system of vessels containing a 
colourless plasma, in which float round, nucleated, disc-like 
corpuscles, which are coloured red by hemoglobin as demon- 
strated by Lankester. These corpuscles, even in preparations 
stained in borax carmine, are readily distinguished from the 
ccelomic corpuscles, owing totheir yellowish tint. Moreover, they 
are rather more coarsely granular (fig. 21) than the latter. The 
system of blood-vessels was, by the above-named observers, ob- 
served to be contractile, and the course of the blood and arrange- 
ment of the vessels were pretty accurately described by them. 

There are two longitudinal trunks lying in the celom, 
running into one another at the proximal end of the body, but 
not elsewhere directly connected, though there is an indirect 
communication in the tentacles. 

One of these trunks, the afferent trunk (qf. in figs. 23, 24, 
31 and 33), lies in the rectal chamber in the middle line 
between oesophagus and rectum. Distally it divides into a 
right and left branch immediately below the septum, quite 
close to the oesophagus, and each branch then passes-through 
the septum. Each of these “ distributing vessels” passes 
along the corresponding half of the lophophore, and there- 
fore takes a spiral course. From these distributing 
vessels (dv., fig. 23) a very narrow vessel passes up each 
tentacle. Each of these tentacular vessels (¢v.) ends blindly at 
the tip of the tentacle. These were observed to be contractile 
by Dyster, who saw the flow of blood up some tentacular 
vessels, and down others. Hach tentacular vessel is connected 
at its base, not only with the above-mentioned distributing 


*5 « Description of Two New Tubicolous Animals,” ‘ Proc. Roy. Phys, 
Soe, Edin.,’ 1855, 
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vessel, but also with a similarly arranged “ recipient vessel ”’ 
(r. v.), which lies somewhat to the outer side of the former, 
though quite close to it. It is very difficult to make out how 
the tentacular vessel communicates with the two spiral 
vessels, but here and there I have observed two tentacular 
vessels in a tentacle (fig. 26). I believe that each tentacular 
vessel divides at its base into two exceedingly short branches, 
one coming from the distributing vessel, the other going into 
the recipient vessel. 

There is a recipient vessel on each side, which follows the 
whole length of the spiral course of the lophophore, then both 
pass alongside the cesophagus through the septum into the 
infraseptal cavity. They remain separate for some distance, 
and lie to the right and left of the cesophagus, but soon the 
right recipient vessel passes round the cesophagus and joins the 
left one to form the efferent trunk (fig. 23). 

This efferent trunk thus lies on the left side of the 
cesophagus.!| As to any anastomosis between the recipient 
and distributing vessels in the lophophore, I am unable to make 
any positive statement. In its course towards the proximal 
end of the body the efferent trunk gives off a number of 
branching czeca, which lie freely in the celom but do not 
reach the body wall, nor unite with the afferent trunk as 
described by Dyster. 

When the trunk reaches the stomach some of these branches 
pass to its wall and form a plexiform sinus around it (fig. 
33, b.s.). In this region, too, these ceca are beset with the 
developing genital cells, in a way to be described later on. 

Having reached nearly to the proximal extremity, the efferent 
trunk bends upon itself and becomes the afferent trunk (fig. 
24). From it are given off ceca near the end of the body, 
some of which form a plexus round the intestine, but as the 
trunk approaches the distal region of the body, no more 
cecal vessels are given off. The wall of the various vessels 

1 McIntosh (19) speaks of a median and a right trunk in a transverse 


section of the body; he must have made some error here, if we accept 
Caldwell’s orientation of the body of Phoronis. 
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differs somewhat in thickness, those in the tentacles having 
merely a wall of flattened cells, whilst the main trunks are 
provided with a thin muscular coat, that of the afferent trunk 
being slightly the thicker of the two. 

Nephridia.—Dyster (6) was the first to notice the aper- 
tures of the “oviducts ” and to observe the passage of ova 
out of them. Caldwell (4) has shown that these “ nephridia ” 
possess an internal ciliated funnel, and are developed from part 
of the blastopore. 

The position of the two nephridia is marked externally by 
the pair of ridges already mentioned (figs. 6, 7, 23), which 
curve inwards, dorsally, and terminate close to the inner series 
of tentacles, between mouth and anus. 

Each nephridium (fig. 27) consists of a narrow tube, which, 
starting from the nephridiopore, passes outside the septum, 
inside the ridge, and then bends slightly upwards till it nearly 
reaches the septum (fig. 23). It here communicates with the 
infraseptal ccelom by means of two funnels. One, the smaller 
of the two, opens into the lateral or cesophageal chamber of 
its side, immediately behind the septum, against which its 
edge is applied (figs. 15, 23, 32, ne. f.’). The second funnel is 
considerably larger, and communicates with the rectal chamber 
(figs. 15, 18, 23, 30, 31, ne. f.). The edge of this funnel is 
drawn out longitudinally to a relatively enormous length: it 
lies flat against the lateral mesentery, and is cut through in 
sections some distance below the tentacular crown. 

McIntosh (19, Pl. III, fig. 1 and fig. 6) has figured this 
funnel correctly, but is wrong in his interpretation of the 
structure: he labels it ‘‘ cos,” and describes it as a 
“kind of sensory apparatus.” The small funnel is easily 
overlooked in transverse sections, as it only extends over a 
very short space; and it was not until I had examined longi- 
tudinal sections that I recognised it. The actual communica- 
tion of the two funnels with the coelom is on one and the same 
level (fig. 32). 

Mr. Caldwell dealt only with the larger of the two funnels, 
in his “‘ Preliminary Note,” but he informed me by letter that 
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he became aware of the existence of the second funnel, shortly 
after the publication of his paper. 

I cannot agree with him as to the relations, as shown in his 
diagram (4, p. 383), between the position of the external 
opening and the mesentery. He places the external aperture 
on the wall of the lateral (cesophageal) chamber, and the 
internal opening, 1. e. the large funnel, in the rectal chamber. 
With regard to the position of the latter there is, of course, 
no question; but I believe it can be readily seen that the 
external aperture lies on the outer wall of the rectal chamber, 
the internal apertures being one on each side of the lateral 
mesentery. 

The whole of the lumen is lined by ciliated cells: the cells 
lining the duct being nearly cubical (fig. 28) ; those lining the 
funnel being rather taller, and the cilia considerably longer 
(fig. 29). 

I could find no solid concretions in the cells of the nephri- 
dium, but some of the cells appear secretory, and have clear 
unstained contents. No blood-vessels are present on the wall 
of the nephridium, but a nerve passes along its wall. 

The Gonads.—Phoronis is hermaphrodite ; the two re- 
productive elements being formed close together in the aboral 
region of the body, as was first described and figured by 
Kowalevsky (15, fig. 9). 

When the animal is opened, a large whitish mass is seen 
lying on one (the left) side of the stomach, which it nearly 
completely hides (fig. 24). This mass surrounds the efferent 
blood-vessel, and consists of ova on one side and spermatozoa 
on the other. 

The efferent trunk, which lies in the left cesophageal 
chamber, has throughout its course numerous small branching 
cecal offshoots: in this particular region the celomic epithe- 
lium covering these vascular cca, becomes modified to form 
ova and sperm-mother-cells (fig. 383). Probably the cells 
become mature at different seasons of the year, for I have been 
unable to find, in my sections, any fully- formed spermatozoa ; 


5 «Structure and Development of Phoronis.” 
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whereas, throughout the ceelom ova may be found; and even 
amongst the tentacles, where they are undergoing segmen- 
tation. 

In a transverse section (fig. 33) the ovary is seen to be 
composed of numerous rows of cells of different sizes, those 
nearest the blood-vessels being small, and the cells increasing 
in size as the distance from the vessel is greater, so that the 
various stages in the formation of the ova can readily be seen 
(fig. 34). The coelomic epithelial cells covering a vascular 
cecum enlarge; one of them increases more rapidly than its 
neighbours, and thus becomes surrounded by these as a cap- 
sule. The capsule-cells become smaller and flattened, and 
finally, when the ovum is fully grown, it escapes into the celom, 
leaving the capsule-cells behind. 

The testis is made up of a mass of sperm-morule, sur- 
rounded by or embedded in a stroma of smaller cells. Sperm- 
morulze are found in the celom, but I have not detected fully- 
formed spermatozoa. 

The nephridia serve as the genital ducts, as Dyster observed. 
I have seen ova quite close to the larger funnel, but have not 
seen any in the duct itself. 


II. Tue Srecies or PHORONISs. 


The name Phoronis was given, in 1856, by Strethill 
Wright (25) to some small vermiform tentaculated animals 
living in tubes, which were embedded in stone. The genus 
was formed for the reception of two species, one of which may 
be a young stage of the other. The latter is Ph. hippocre- 
pia, which has been fairly well described from living speci- 
mens by Strethill Wright, and Dyster (6). 


1. Ph. hippocrepia, Strethill Wright, 1856. 


Individuals small, not exceeding an inch in length. 
Tube membranous, embedded in coral or limestone. 
The lophophore is simple. 

Tentacles about sixty in number. 
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No details as to colour are given by Wright or Dyster. 
The species has been found on the Devonshire Coast and 
in the Firth of Forth. 


2. Ph. Kowalevskii, Caldwell (unpublished). 


Individuals small, rarely exceeding one inch in length. 

Tube chitinous (?), coated with sand; numerous individuals 
live together, their tubes entwined. 

Lophophore simple (see fig. 12). 

Tentacles about a quarter of an inch long, and 100 in number. 

? Colour, 

Locality, Mediterranean (described by Kowalevsky). 


3. Ph. australis, Haswell (12), 1882. 


Individuals some three to five inches in length; sometimes 
attaining as much as six inches. 

No definite tube appears to be formed, but several indi- 
viduals live together in the purple-coloured sac, some three or 
four inches wide, which is formed by Cereanthus, and com- 
posed of discharged nematocysts, &c. 

The lophophore is more complicated than in the previous 
species, the inbent dorsal portion being curved in an ascend- 
ing spiral, giving on each side three coils. 

The tentacles are half an inch or more in length. 

The individual is purple in colour, in the tentacular region ; 
the tip of each tentacle is darker. In the proximal part of 
the body the body wall is sufficiently transparent to allow the 
red colour of the vascular system to show through. 

The species has been found in Port Jackson, in twelve 
fathoms. 


4. Ph. Buskii, McIntosh (19), 1888. 


Individuals about two inches, or rather more, in length, 

Tube tough, hyaline: the animal lives embedded in sand. 

The lophophore closely resembles that of Ph. australis. 

The colour (in spirit specimens) is blackish in the tentacular 
region, and the tentacles are tipped with dark brown. 

VOL, XXX, PART 2,—NEW SER. K 


144. WILLIAM BLAXLAND BENHAM. 


This species was dredged off the Philippines, at ten to 
twenty fathoms, sandy bottom. 

[The anatomy of this species, as well as the colour of spirit 
specimens, so closely agree with those of Ph. australis, that 
it may possibly turn out that they are one and the same 
species, which may have taken on different habits, one variety 
selecting a ready-made sac to. inhabit, the other secreting a 
tube for itself. ] 


5. Ph. ovalis. 


The second species described by Strethill Wright (25) as 
Ph. ovalis, was a much smaller form, in which the eighteen 
tentacles were arranged in a simple oval fashion without being 
bent in dorsally. This is probably a young form. Tube em- 
bedded in oyster shells. 

Probably Crepina gracilis, described by van Beneden 
(3) as possessed of thirty tentacles, and forming a membranous 
tube, is merely a young form of some species of Phorounis. 

This is also found embedded in oyster shells. 

Besides these described forms, it is known that there is more 
than one form of Actinotrocha, viz. Act. branchiata and 
Act. ornata, and probably others, which have not been traced 
to the adult animal. 


III. RELATION oF PHORONIS TO OTHER ANIMALS. 


The opinions of some of the earlier authors may be passed over 
in a few words, inasmuch as they were founded on an incomplete 
acquaintance with the anatomy and development of Phoronis. 

Thus Miller (21) (1854) regarded Actinotrocha as a Sipun- 
culid. . 

Krohn (16) thought it might be a larva of a form like 
Thalassema or Echiurus, and Schneider, (22) (1862), with 
more grounds for his opinion, looked on Phoronis, or rather, 


3 “Notice sur un annelid ceph. sans soies,’ ‘Ann. d. Se. Nat.,’ 1858, 
vol. x. 

1 *Miiller’s Arch.,’? 1854. 

16 * Miiller’s Arch.,’ 1858. 

22 <«Miiller’s Arch.,’ 1862. 
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on the post-metamorphic condition of Actinotrocha, as a 
young Sipunculus. 

Kowalevsky (15) was of opinion that Phoronis belonged 
either to the Gephyrea or to the Polyzoa. 

Caldwell (4) points out the relations of Phoronis, so far as 
regards the arrangement of organs, to the Brachiopoda, and to 
- the Polyzoa, and concludes that Sipunculus belongs to the 
same type of form. 

Lankester (17) places Phoronis as the only genus in a 
section Vermiformia, of the class Polyzoa, and points out 
its relations both to Sipunculus and Eupolyzoa. 

We have therefore to consider the affinity of Phoronis to— 

(a) the Brachiopoda. 
(0) the Polyzoa. 
(c) the Sipunculids. 


a. The Relation of Phoronis to Brachiopoda. 


Caldwell (4) draws up a series of characters in which he 
considers these two types to resemble one another. Many of 
these have been controverted by Shipley (24) and others. 

According to the investigations of Shipley, no remnant 
of the pre-oral lobe persists in the Brachiopoda, so that 
there is no representative in them of the epistome of Pho- 
ronis, unless the “lip” which passes along the base of the 
tentacle and overhangs the lophophoral groove represents 
this structure. There are four and not three “ segments” 
in the Brachiopod larva. Moreover, the evagination in 
Actinotrocha appears to me to be totally different from what 
happens in the Brachiopod larva, as this does not involve the 
alimentary tract, and does not alter the long axis of the body. 
In his division of the body of Actinotrocha into three “ seg- 
ments,” Caldwell seems to have chosen them rather arbitrarily. 
He writes (4, p. 381): “ The ‘segments’ of Brachiopoda are 
represented in Phoronis by the three divisions of the larva: 
1, Pre-oral lobe, as far back as the septum ; 2. The rest of the 


7 « Polyzoa,” ‘ Ene. Brit.’ 
* “Structure and Development of Argiope,” ‘ Mith. Zool. St. Neap.,’ 1883. 
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body to the anal ring; 3. The invaginated foot.” It appears 
to me more reasonable to consider the region around the anus, 
enclosed by the perianal ring of cilia, as the third division, 
and to regard all that part of the body between the two bands 
of cilia, together with evaginated foot, as the second division. 
But in either case, his comparison of what happens in Phoronis 
and Brachiopoda, will not hold, for in Terebratulina (see 
Morse, 20) the “peduncular” segment elongates rather than 
evaginates. Moreover, it is not the middle segment but the 
terminal one. As to the relation of the dorsal and ventral shells 
of Brachiopoda, Shipley (24, p. 516) has shown that Caldwell 
has no grounds for his assertion that both shells are ‘‘ ventral.” 

The relation which he sees between the nephridial funnel 
and duct to the mesentery is, as I have pointed out above, 
erroneous. The external aperture lies on the wall of the 
rectal chamber, and not of the lateral chamber. 

Certainly the arrangement of the tentacles is somewhat 
similar in Phoronis and in Brachiopoda, and in both the body- 
cavity is divided by a transverse septum into a visceral cavity 
and a tentacular cavity ; but a detailed comparison between 
the adults, and especially between the larve, and the mode of 
development in the two cases, shows no close resemblance 
between Phoronis and Brachiopoda. 


6. Relation of Phoronis to Polyzoa. 


The great resemblance that exists at first sight between 
Phoronis and the Phylactolematous Polyzoa becomes con- 
siderably reduced when a detailed comparison between the 
adults and larvee is made. In both there is the close approxima- 
tion between mouth and anus, the former being overhung by 
a fold or lobe known as the “ epistome.”’? The tentacles, too, 
are arranged somewhat similarly in the two cases, and there are 
other points of resemblance ; but, as Harmer (8) has pointed 
out, the differences are of some importance. 

In Phoronis practically the whole body is ventral, whereas 


20 « Kmbryology of Terebratulina,” ‘Mem. Bost. Soc. Nat. Hist.,’ LI. 
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in Polyzoa it has been suggested that it is the dorsal region 
which predominates (Barrois (2), Harmer (8, 9) ). If this view 
should prove correct, then the space then between mouth and 
anus would be dorsal in the former and ventral in the 
latter case, and the epistome which is the vestigial repre- 
sentative of the pre-oral lobe of the larva in Phoronis, would 
in Polyzoa correspond rather to the foot of Mollusca, or the 
‘ invaginated region of Actinotrocha. This orientation is, how- 
ever, quite hypothetical. If admitted it becomes useless to 
discuss any relationship between Phoronis and the Polyzoa. 

In the Phylactolcema the two arms of the horse-shoe-shaped 
lophophore are free and movable. In Phoronis, however, the 
lophophore is fixed throughout the whole of its extent to the 
body. In Rhabdopleura and Cephalodiscus alone, of 
the Polyzoa, is there, as in Phoronis, a skeleton in the 
tentacles. 

Again, the series of tentacles is incomplete dorsally in 
Phoronis, whilst this dorsal break is not present in Polyzoa, 
except in Rhabdopleura. 

In the Ectoprocta the bases of the tentacles are frequently 
united by a membrane in a way that has been compared to 
that of Phoronis, but, as I have shown above, this is due 
in the latter animal to the way in which the tentacular 
skeleton is formed, and there is no real “ membrane,” but 
direct fusion. 

The celom in Phoronis is subdivided (in a way unknown 
in Polyzoa), firstly, by a transverse septum of cartilage sepa~ 
rating the general body-cavity from the cavity of the epistome 
and tentacles. The former is again divided by longitudinal 
mesenteries of the same sort of tissue into various chambers. 
Unless the “funiculi” represent such mesenteries they are 
absent in Polyzoa; but no great stress can be laid on these 
points of difference since mesenteries are found in many 
distinct groups of animals, and may be either present or 
absent in closely allied forms. 

The pair of nephridia present in Phoronis may or may 
not be distinct from the nephridia of Loxosoma, which are 
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the persistent larval excretory organs or “‘ head kidneys,” the 
lumen of which isintracellular. The “ intertentacular organ,” 
discovered by Farre (7, p. 408) in Alcyonidium and in 
Membranipora, may perhaps be a nephridium. It is 
described and figured as an unpaired ciliated tube, placed at 
the base of the tentacles, opening on a slight cone, and 
through it ova and spermatozoa have been seen to be expelled. 
Otherwise no nephridia are known in Polyzoa. But one of 
the most distinctive features of Phoronis, as compared to the 
Polyzoa, is the presence of a closed vascular system 
containing corpuscles differing from those in the ccelomic fluid 
(Brachiopoda appear to possess different corpuscles in the 
fluids of the various cavities into which the cclom is divided, 
but no system of vessels has been with certainty described). 
No vascular system is found in any of the Polyzoa, and 
on account of their small size there may be no necessity 
for such a system. In regard to the vascular system the 
absence and presence of it does not necessarily point to any 
fundamental difference between two groups, for the Capitellidze, 
as well as other genera amongst the Polycheta, are without a 
separate system of blood-vessels. 

The nervous system in Phoronis is, as already mentioned, 
in an embryonic condition, lying as it does immediately below 
the epidermis, and showing no concentration of nerve-cells to 
form ganglia. In Polyzoa, on the other hand, a subcesophageal 
ganglion is present from which nerves pass to various organs 
and in the larva a structure has been identified by Harmer 
(9) as a supracesophageal ganglion in Pedicellina. 

The gonads in Phoronis are unpaired and lie on the left 
side of the body, ova being developed on one side of the 
longitudinal blood-vessels, and spermatozoa on the other side 
of it. In Polyzoa the glands are paired, and originate on the 
funiculi and body wall. But it is in their development that 
Phoronis and Polyzoa show the most obvious differences. 

In the former Caldwell (5) has shown that the blastopore 
forms not only the mouth but the anus as well, the line of 
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closure lying on the ventral surface. In the Polyzoa the 
blastopore closes, and the anus later on appears in the position 
occupied by it. However, in the Mollusca the same variety 
in the behaviour of the blastopore is known, e.g. Limnezeus, 
Paludina, &c., so that no great value need be attached to this 
point of difference. 

The mesoblast arises in a very different manner in the 
two groups. In Polyzoa it arises from large pole-cells, which 
lie on each side of the blastopore; but in Phoronis, Caldwell 
has described a double origin for this layer: (a) by cells 
budded off from the outer surface of a pair of pouches of the 
archenteron ; (b) by invaginated cells posteriorly. 


c. Relations of Phoronis to Sipunculids. 


There are more points of undeniable resemblance between 
these, than between Phoronis and Polyzoa, both in adult and in 
larval anatomy. This is, however, largely due to the uncertainty 
existing as to the true orientation of the Polyzoa. 

The mouth and anus are closely approximated ; the space 
between them being dorsal. The ‘ epistome” (i. e. prosto- 
mium) appears to have no representative in adult Sipunculids ; 
and if, during the metamorphosis of Actinotrocha, the dege- 
neration which already takes place in this part of the body 
were carried a step farther, we should lose all trace of the 
prostomium. As it is, the remnant is very small, and were it 
not for Caldwell’s precise statements on the point, we might 
feel inclined to doubt whether it really be pre-oral, or whether 
it is merely a dorsal fold which remains between the larval 
tentacles and the permanent ones. 

The tentacles of Sipunculus (and presumably of other 
genera) are stated by Hatschek (13, p. 55) to be processes of 
the lips, which appear first at the side of the mouth, and to 
have nothing to do with the ciliated band of the larva. In 
Phoronis the adult tentacles are formed behind the circlet 
of larval tentacles, which are eaten. During the larval life 


'3« Arb. Zool. Inst. Wien,’ 1884, 


150 WILLIAM BLAXLAND BENHAM. 


the adult tentacles appear first at the sides, new ones being 
added dorsally and ventrally. 

As in Polyzoa, there is no transverse septum in Sipunculids 
separating the tentacular cavities from the visceral portion of 
celom. The tentacles and anterior region of the body can 
be retracted in Sipunculus, as in Polyzoa. 

In the possession of a definite vascular system,! Sipunculus 
agrees with Phoronis, and in many Sipunculids there is a more or 
less definite circular vessel, with czcal vessels passing from it 
to the tentacles, although more usually the vessels form a 
plexus in the tentacles. In young Phascolosoma there 
are branching cecal processes given off from the longitudinal 
vessel, similar to those in Phoronis. 

The nervous system of Sipunculids is much more deeply 
seated than in Phoronis, consisting of a definite ganglion, 
with a longitudinal cord passing along the ventral surface. 

The region from which the sexual cells are developed in 
Sipunculids is a matter of some dispute. According to Koren 
and Daniellsen (14) they are developed from the cclomic 
epithelium near the commencement of the intestine, in a 
position, that is, in which a stomach would be, and to some 
extent, therefore, agree with the position in Phoronis. 
According to Semper, however, the cells arise from the 
ceelomic epithelium covering the bases of the retractor muscles 
(ef. funicular origin in Polyzoa). The glands, moreover, are 
paired and the Sipunculids are unisexual. 

Hitherto we have scarcely more points of agreement than 
between Phoronis and Polyzoa. Butif the larva of Sipun- 
culus be compared with Actinotrocha, numerous points of resem- 
blance, some of them very important, will be observed, whereas a 
similar comparison with Polyzoa shows few, if any, such points. 

In Sipunculus the blastopore closes, as in Polyzoa. 

The mesoblast arises in the same way as in Polyzoa, and 
other groups, viz. from certain pole-cells, close to the blastopore. 

1 In Sipunculus there is a communication between the blood-vessels and the 
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Each nephridium arises from some of the somatic meso- 
blast-cells. In Phoronis it is found essentially in the same 
position. It is true that the nephridia of the Sipunculus larva 
come to lie more ventrally than in Phoronis, where, indeed, 
they take up a dorsal position, though here they are in 
reality lateral. However, in both cases the point of origin 
is the same; but the secondary elongation of the body in 
Sipunculus is relatively not so great as it is in Phoronis; 
and if this elongation were to occur rather nearer the mouth 
in Sipunculus, or before the slight shifting of the nephridia 
takes place, they would lie much nearer the anus than they 
at present do. 

The young larva of Sipunculus is not a typical trocho- 
sphere: it is ciliated all over, and has one band of long cilia. 
This band is post-oral as in Actinotrocha; a pre-oral band 
does not appear to be present, although in a later stage there 
are a few long cilia on the pre-oral lobe which may represent 
it. The anus of the larva is nearly terminal, but is rather 
dorsally placed. 

The long axis of the body nearly coincides with the oro-anal 
axis, but during growth a secondary long axis becomes deve- 
loped, as it does in Actinotrocha; but whereas in the latter it 
comes about by the well-known invagination on the ventral 
surface, followed by an evagination, in Sipunculus it is 
merely due to the growth of the ventral surface taking place 
more rapidly than that of the dorsal surface. This elongation 
carries with it the intestine, just as is the case with Actino- 
trocha. Nosuchchange occurs in Polyzoa; the mouth and 
anus being close to one another from the first. 

In the full-grown larva there is a small pre-oral lobe, with a 
thickening which will form the supra-cesophageal ganglion 
asin Actinotrocha. There is a sort of collar behind the 
ciliated band which appears to be unrepresented in Actino- 
trocha. 

The arrangement of the alimentary canal is the same in 
both ; the csophagus opens into a stomach, whence the in- 
testine, more or less coiled in Sipunculus, passes forwards again 
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to the anus. It has the dorsal flexure found in the trocho- 
phere, the cesophagus passing dorsally from the mouth. 

During development the prostomium dwindles considerably 
and the ciliated band disappears, but these do not appear to 
be actually eaten as in Actinotrocha, nor is any (?) remnant 
of prostomium left in the adult Sipunculus. 

Conclusion.—If we weigh these resemblances and dif- 
ferences between Phoronis and Polyzoa or Sipunculids, more 
especially in the larval stage, I believe that the resemblances 
will justify us in placing Phoronis in nearer relation to 
the Sipunculids than to the Polyzoa. 
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EXPLANATION OF PLATES X, XI, XII, & XIII, 


Illustrating Dr. Wm. Blaxland Benham’s paper on “ The 
Anatomy of Phoronis australis.” 


Fie, 1.—View of Phoronis australis. Natural size, seen from the 
anal side. 

Fic. 2.—View of the oral or tentacular extremity, from the oral side. 
Natural size. 

Fic. 3.—Surface of a portion of the body wall, viewed under a lens, showing 
circular ridges. 
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Fie. 4.—Surface of the region 4 of Fig. 1, viewed under a lens, showing 
the longitudinal striz. 


Fic. 5.—Enlarged view of the oral side of Ph. australis. Most of the 
tentacles of the outer series have been cut away, so as to expose the epistome 
(ep.), and to show the position of the mouth (m.). a. Theridge of the lopho- 
phore. 4. The basal region of the tentacular crown, in which the tentacles 
are united together. c. The free portions of the tentacles. 


Fic. 6.—Enlarged view of the anal side of Ph. australis. The tentacles 
are represented as being cut short. a. The lophophoral ridge. 0. United 
bases of the tentacles. c. Free portions of the tentacles. x. 7. Nephridial 
ridge. &. rv. Rectal ridge. 


Fic. 7.—The dorsal surface of Ph. australis. The drawing is to some 
extent diagrammatic, and greatly enlarged; the tentacles are cut away. The 
shape of the lophophore in this species is shown (cf. Fig. 12). a. Anus. D. 
Somewhat pit-like dorsal area. ¢. Epistome. g/. Glandular ridge, which 
follows the course of the lophophore along the dorsal surface of the inner 
series of tentacles. gi’. The glandular pit. 7. ¢. Inner series of tentacles. 
1. g. Lophophoral groove between the inner and outer series of tentacles, and 
continuous with m., mouth. z. 0. The right nephridiopore. 2. 7. Nephridial 
ridge. oo. ¢. Outer series of tentacles. &. r. Rectal ridge. sp. The 
ascending spirally-wound lophophore. «. Break in the inner series of 
tentacles. 


Fic. 8.—Transverse section through the glandular pit (g/., Fig. 7). ep. 
Epidermis, covering the bases of the tentacles. Outer wall of the pit com- 
posed of several layers of cells, the inner epithelium being ciliated. gd. 
Glandular cells, forming the inner wall of the pit and continued round the 
lophophore as the glandular ridge. yp. The cavity of the glandular pit. 7. ¢. 
Tentacular cavities. ¢. Trabecule. 


Fic. 9.—A portion of a transverse section of the body wall. 4. ¢. Basement 
tissue, showing one of the cells (¢.) which are scattered in it. cz. Circular 
muscles. ep. Hpidermis. g. Goblet-cells. /g. Longitudinal muscles. p. Pig- 
ment granules. 

Fic. 10.—A portion of a longitudinal section through the body wall in the 
bulbous region, marked 4 in Fig. 1, in order to show the inversion of’ the 
muscular layers. The arrow indicates the direction in which the tentacular 
crown lies. 4. ¢. Basement tissue. cw. Cuticle. ep. Epidermis (here con- 
siderably thicker than over the general surface). cz. Circular muscles, in the 
usual position. cz’. The circular muscles which become placed internally. 
lg. The longitudinal muscles. /y’. The internally placed longitudinal muscles. 
ce. Colomic epithelium. 

Fic. 11.—A portion of a transverse section of the epistome. «ad, Anal or 
dorsal surface. ov. Oral surface, covered by ciliated epithelium. c. Ccelom. 
nm. Nerve. sk. Skeleton, continuous with the basement tissue. 
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Fie. 12.—A transverse section across the tentacular crown of Ph. “ K.,” 
in order to show the shape of the lophophore in this species (cf. Fig. 7), 
the position and shape of the epistome, ep., and the glandular pit and 
ridge (g/.). 6. v. Blood-vessels. 7.¢. Inner series of tentacles. o. ¢. Outer 
series of tentacles. a. The break in the dorsal mid-line of the inner series of 
tentacles, the tentacles right and left being the youngest. 

Fig. 13.—A transverse section of a tentacle. O. Its outersurface. J. Its 
inner ciliated surface. 0. v. Tentacular blood-vessel, with contained blood- 
corpuscles. c. Tentacular portion of ccclom. ¢. Ccelomic epithelium. m. 
Muscle. xz. Nerve. s%. Mesoblastic skeleton. 

Fic. 14.—A portion of a transverse section through the base of three 
tentacles, in the region 4 of Fig. 6. 4. ¢. Basement tissue, passing from one 
surface to the other so as to form trabecule (¢7.), and separating the supra- 
septal ccelom into tentacular cavities (¢.c.). sk. Skeleton of the tentacles, 
already having a semicircular shape and forming thickenings on each side of 
the trabecule. m. Muscle-fibres. 

Fie. 15.—A longitudinal section through the oral region of the body and 
the tentacular crown, showing the somewhat conical base, around which the 
lophophore is spirally wound. The septum (S.) is seen dividing the ccclom 
into supraseptal (s. s.) and infraseptal (¢. s.) cavities. a. Anus. 0%. One of 
the lateral mesenteries in the infraseptal celom. d.v. Distributing branches 
of the afferent blood-trunk, which pass along the lophophore. g/. Glandular 
ridge. 7.g. Lophophoral groove. ¢o. Lophophoral ridge. MV. Nerve-band. 
NV'. Modification of nerve-band to form a “sense organ.” ze. Nephridial 
duct. xe. f. The large nephridial funnel, communicating with the rectal 
chamber (7. ¢.). ze. /’. Small funnel opening into the csophageal chamber 
(@.¢.). ov. Ovaincelom. *#. v. Recipient blood-vessels. §. Septum. s. s. 
Supraseptal portion of ceelom. 7. Tentacles. 


Fie. 16.—Longitudinal section of the nerve-band. 4. ¢. Basement tissue, 
continuous with the septum (S.). ep. Epidermis, which is here deeper than 
over the general surface of the body. xz. c. Nerve-cells. 


Fic. 17.—Portion of a transverse section of the lophophoral “ sense 
organ.” ep. Epidermis. .c. Nerve-cells. NN. Nerve-band. / Fibrils 
passing across it. 

Fie. 18.—A transverse section through the body along the line C D in Fig. 
23, to show the relative positions of the mesenteries, blood-vessels, and 
nephridial funnels. a. Gisophageal mesentery. af. Afferent blood-trunk. 
b. b', Right and left lateral mesenteries. 4. 7¢. Basement tissue. 4. v. Cacal 
blood-vessels. c¢. Rectal mesentery. c.c. Ceelomic corpuscles. cz. Circular 
muscles of the body wall. cz’. Circular muscles of the esophagus. ef. Effe- 
rent blood-trunk in the left lateral chamber. ep. Epidermis. f. Fibres, 
passing from the body wall to cesophagus. dg. Longitudinal muscles of the 
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body wall. e./. Portion of the large nephridial funnel lying in the lateral 
mesentery, and communicating with the rectal chamber. @. Msophagus. 
@.c. Right lateral or cesophageal chamber. &. Rectum. 7. c. Rectal 
chamber. ¢.¢. The pair of “tubes,” extending from nerve-band along the 
body wall. 


Fic. 19.—Three different views of the “tubes” in transverse section. 
bt. Basement tissue. Zp. Epidermis. ¢. The “tube.” 


Fic. 20.—Two ccelomic corpuscles of different sizes. 
Fie. 21.—A blood-corpuscle. z. Nucleus. 


Fig. 22.—Portion of a section of the septum. ep. Epidermis. xe. ep. Epi- 
thelium of the nephridial duct. 2. Nuclei of cells lying in the matrix of the 
septum. c. Spaces in the septum lined by cells. 


Fic. 28.—A schematic view of the interior of the oral region of the 
body of Phoronis. The left side of the body wall and the left half of the 
lophophore are supposed to have been cut away, as well as the left lateral 
mesentery, leaving, however, the nephridial funnel. The tentacles are cut short. 
a. Gisophageal mesentery. af. Afferent blood-trunk. az. Anus. 4. Right 
lateral mesentery. 4. w. Body wall. c. Rectal mesentery. d.v. Right 
distributing vessel. d.v'. Left distributing vessel, cut away near its junction 
with the right one (these really lie close to the cesophagus and branch 
below the septum). ef. Efferent blood-trunk. ep. Epistome. g/. Glandular 
ridge and pit. g/’. Glandular pit. 7¢. Inner series of tentacles. m. Mouth. 
N.Nerve-band. 2.7. Right nephridial ridge. ze. d. Left nephridial duct, 
seen by removal of the wall of its ridge. e./. Large funnel of the left nephri- 
dium. e./". Small funnel of the left nephridium. ze. 0. Right nephridio- 
pore. @. Qsophagus. jp. Position of the “sense organ.” +7. Rectum. 
r. 7. Rectal ridge. 7. v. Right recipient blood-vessel. 7. v’. Left recipient 
blood-vessel, cut short just above the septum. s. Transverse septum.  @v. 
Tentacular vessel. 


[The dotted lines 4 B, CD, X Y, mark the levels at which the various 
transverse sections are taken. ] 


Fig. 24.—Schematic view of the aboral region of the body. The left 
body wall is supposed to be removed: the mesenteries are omitted. The 
arrows indicate the course of the blood. af Afferent blood-trunk. J. w. 
Body wall. ca. p. Branching cecal vessels from the large trunks. ef Hffer- 
ent blood-trunk. iz¢. Intestine (or “second stomach”). iz¢’. Narrow con- 
tinuation of this. o. Ovary. s¢. Stomach. 7. Testis. 

Fic. 25.—A portion of a section through the wall of the stomach. c. 
Ciliated epithelial cells forming ridges. g/. Glandular cells in crypts. x. 
Nerve. 


Fic. 26.—A portion of a transverse section of the lophophore, showing an 
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instance of a double tentacular vessel : one part coming from the distributing 
vessel, the other going to the recipient vessel. s/. Skeleton of the lophophore. 

Fie. 27.—A schematic drawing of a nephridium, compiled from an exami- 
nation of a series of transverse and longitudinal sections. ze. 0. Nephridio- 
pore. ze. d. Nephridial duct. ze. / Large funnel, which communicates with 
the rectal chamber. ze. /’. Smaller funnel, which communicates with one of 
the cesophageal chambers. 


Fic. 28.—A portion of the wall of the nephridial duct. 
Fic. 29.—A part of the edge of a large nephridial funnel. 


Fic. 30.—A portion of a longitudinal section through the oral region of 
the body. (Compare the left side of Fig. 15, which is taken from the same 
series.) The nephridium of this side is seen opening into the rectal division 
of the ccelom. J. One of the lateral mesenteries, separating the cesophageal 
chamber on the left from the rectal chamber on the right of it. 2. Portion 
of nerve ring—the “sense organ.” ze. 7. The large nephridial funnel. o. 
Ova. &. Rectum. 8. Septum. 7¢. Base of tentacle. 


Fies. 31 and 32 are two transverse sections of the oral region of the 
body ; they are very nearly consecutive sections selected from a series to show 
the two nephridial funnels. 

Fig. 31. This is the lower (more proximal) of the two; it is taken along 
the line XY Y in Fig. 28, and includes a portion of the large funnel 
only. af. Afferent blood-trunk. 4. Lateral mesentery. ze. d. Ne- 
phridial duct. me. Large nephridial funnel. 2. 7. Nephridial ridge. 
ws. (Esophagus. «@. ch. @sophageal chamber. 7. Rectum. +. ch. 
Rectal chamber. 7.7. Rectal ridge. 7. v. Recipient vessels. 8. 
Septum. s.s. Supraseptal division of ccelom. 

Fig. 32 is taken along the line 4 B, Fig. 23, immediately below the 
central part of the septum, and shows both nephridial funnels of 
one side. d.v. Distributing vessel. xe. d. Nephridial duct, cut 
through twice. ze. Larger nephridial funnel, communicating with the 
rectal chamber. ze. 7’. Smaller funnel opening into the cesophageal 
chamber. 7. Rectum. 7. ch. Rectal chamber. 7. v. One of the 
recipient vessels. §. Septum. ss. Supraseptal ccelom. 

Fic. 33.—A transverse section through the aboral region of the body, 
showing the gonads. af. Afferent blood-trunk. 4.7. Body wall. ca. Celom. 
ef. Efferent blood-trunk. 47. Its branches, on the walls of which are deve- 
loped the reproductive cells, forming o. ovary, and 7. testis. J. Intestine. 
st. Stomach. sf. s. Blood sinus around it. zt. Intestine. 


Fic. 34.—A portion of the ovary more highly magnified. w. Wall of blood- 
vessel. c. ep. Celomic epithelium surrounding it. o. ovum, surrounded by 
f. capsule-cells. 


Fie, 35.—Longitudinal section through the terminal pit. 4. ¢. Basement 
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tissue. dv. Blood-vessels. cz. Circular muscles lying internally to longi- 
tudinal muscles (/g.). cu. Cuticle. ep. Epidermis. /. Ligament connecting 
stomach with body wall. p. Terminal pit. 

Fie. 36.—A series of six transverse sections, selected from a series in order 
to show the arrangement of the mesenteries and chambers; all are close 
together, from the oral region of the body, and are slightly diagrammatic. 


A is the uppermost, and passes through the dorsal origin of the trans- 
verse septum (S,), which passes obliquely downwards, so that here 
only the supraseptal (s. s.) ccelom is present. 


B. The septum is passing between rectum and cesophagus, the infraseptal 
(z. s.) chamber lying to its left ; to the right is the supraseptal (s.s.) 
chamber. ‘The lateral mesenteries are just appearing, and the 
cesophageal and rectal chambers communicate by means of the 
nephridial funnels (/). 

In C (which is three or four sections onwards) the lateral mesentery (/. m.) 
divides the cesophageal (@. c.) from the rectal chamber (7. ¢.), and 
the smaller funnel is no longer present. 

In D and # the septum stretches further and further across the ccelom, 
the supraseptal chamber is smaller, whilst the cesophageal chamber 
is increasing in size. 

In F only a very small portion of the supraseptal chamber is seen on one 
side. The two lateral mesenteries (/. mw.) are now thinner. The 
other mesenteries, rectal and esophageal, do not begin till further 
down. 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 159 


Karyokinesis and its Relation to the Process of 
Fertilization. 


By 


Ww. Waldeyer.! 


With Plate XIV. 


Tur phenomenon which is indicated by the name “ Karyoki- 
nesis” depends essentially on the appearance of distinctly 
visible and readily stained thread-like structures in the cell- 
nucleus, which change their form during its division. These 
structures were observed and figured before they were recog- 
nised as general and important occurrences. For example, 
Henle in his ‘ Splanchnologie’ (1865, p. 355) gave the first 
drawings of karyokinetic figures for cells of the testis. Again, 
Heller and A. Kowalevsky (1869), and later on W. Krause 
(1870)—if we here leave out of consideration botanical 
writers—-may be added as observers of facts in karyokinesis, 
without, however, giving a correct explanation of them. The 
honour of discovering karyokinetic (indirect, metamorphic or 
mitotic) nuclear division as a regular phenomenon, with its 
three chief constituents—chromatic nuclear figure, achromatic 
spindle and polar stars—belongs to A. Schneider, the zoologist 
of Breslau, at that time in Giessen. In his memoir, “ Unter- 
suchungen wber Platyelminthen,”’ in the ‘Jahrb. der ober- 
hessische Gesellschaft fiir Natur- und Heilkunde’ (1873), he 
describes facts about the division of egg- and sperm-cells, as 

1 Translated by W. B. Benham, D.Sc., from the ‘ Arch. fiir Mikr. Anat.,’ 
vol. xxxii, 1888, pp. 1—123 
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well as of tissue-cells, in a certain Flatworm (Mesostomum). 
Owing to its publication in an obscure journal, Schneider’s 
work was overlooked, and the discovery was independently made, 
shortly after, for a second time by Biitschli (41, 42) and H. 
Fol (65). Dr. Schleicher, one of van Bambeke’s pupils in Ghent, 
invented in 1878 (179) the name “ Karyokinesis””—i.e. nuclear 
movement, for the series of phenomena in question; whilst 
Mayzel (138, 134), of Warsaw, and especially Strasburger (190 
—194), of Bonn, W. Flemming (57—68), of Kiel, E. van Bene- 
den (18—24), of Liége, and recently Rabl (165), of Prague, 
have been the chief contributors to the advance of our know- 
ledge of the process. Flemming must be particularly noted, 
as his version in the controversy of opinion has gained the 
most adherents. Place will be found in the course of the 
description for several further data in the development of our 
knowledge of karyokinesis. An accurate history of the 
literature will be found in the following monographs :—Stras- 
burger’s ‘ Zellbildung und Zelltheilung,’ 8 Aufl.; 1880; ‘Neue 
Untersuchungen tiber der Befructungs Vorgang bei den Phanero- 
gamen als Grundlage fiir eine Theorie der Zeugung,’ 1884; 
‘Ueber Kern- und Zell-theilung im Pflanzenreiche nebst einem 
Anhange uber Befructung,’ Jena, 1888; Flemming’s ‘ Zell- 
substanz, Kern- und Zell-theilung,’ Leipzig, 1882; and van 
Beneden’s ‘ Recherches sur la maturation de l’ceuf, la fécunda- 
tion et la division cellulaire, Ghent, Leipzig, Paris, 1883. 
Again, reference should be made to the works of Rabl (‘‘ Ueber 
Zelltheilung,” ‘Morph. Jahrb.,’ x), of Mark (“ Maturation, 
Fecundation, and Segmentation of Limax campestris,” 
‘Bull. Mus. Comp. Zool.,’ of Harvard Coll., Camb., Mass., 
U.S.A., vol. vi, No. 12), and of Carnoy, in his journal ‘ La 
Cellule,’ vols. i, ii, 111, iv. 

If we disregard the process of segmentation discovered in 
1824 by Prévost and Dumas, H. v. Mohl (140) in Tiibingen 
was the first to show in 1835 that cells and their nuclei in- 
creased by division in plants; Remak (171) in Berlin in 1841 
in animals and in embryonic blood-cells. Through the 
numerous researches of the last, and of R. Virchow, on 
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normal and pathological conditions, it is now known that 
cell-division, in opposition to the doctrine of spontan- 
eous generation of cells, holds the field, so that at the 
present day R. Virchow’s phrase, “Omnis cellula a 
celluld,” which concerns the chief facts in question, has 
universal acceptance. But, how does cell-division take place ? 
The scheme of division sketched out by Remak assumes that 
the process commences with the nucleolus and extends thence 
to the nucleus and finally to the cell-substance. The nucleo- 
lus divides into two parts, then the nucleus, and finally the 
cell-body. The process was apparently a very simple one. At 
the same time it was obvious that we had no true knowledge 
of the nature of this important process, nor of the powers 
which are operating, nor of the causes which lead the cell 
to divide. It was perfectly certain that the study of the 
process in question was very primitive, and that further 
research was necessary. 

It must be reckoned a distinct advance that the process of 
direct division of unicellular animals (A mcebze) and colourless 
blood-corpuscles (leucocytes) was followed under the micro- 
scope from beginning to end by Stricker (195), Klein (102), 
and especially by F. E. Schultze (184), and Ranvier (166). 
According to Schultze’s description for Amceba polypodia 
the nucleus first elongates, then becomes dumb-bell shaped, 
then the bridge between the knobs of the dumb-bell becomes 
thinner, then breaks across, and two nuclei are seen in the animal. 
At the same time a similar change is taking place in the clear ~ 
area around the nucleolus. The whole process of division of 
the nucleus and nucleolus is to be regarded as a single act, 
which lasts about a minute and a half. Then the body of 
the cell commences to elongate in the same direction as the 
nucleus and nucleolus previously did, and then in the same 
way there follow constriction, band-like stretching of the 
connecting bridge, and finally its rupture. Nothing was 
observed of any peculiar appearances, except that emphasis is 
laid on the fact that no pseudopodia are present on the bridge 
between the cell-bodies; whereas they project in opposite 
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directions from the two ends, as if pulling these apart. The 
division of the cell-body lasted eight and a half minutes, so 
that the complete process occupied ten minutes. 

I have studied the process in a similar way in an Infusorian 
from the Frog’s rectum ; it took place somewhat more rapidly, 
viz. in seven or eight minutes. Ranvier gives an hour and a 
half, at the usual temperature of the room, as about the time 
occupied by the process of division in leucocytes of Axolotl; 
a remarkable change of form was observed in the nucleus, 
which, however, was regarded by Ranvier as passive—con- 
ditional only on the amceboid movement of the protoplasm. 
J. Arnold (4) observed in amoeboid cells of the lymph- 
sac of Frogs an undoubtedly constricted nucleus, divide 
completely within five minutes; the division of the cell 
occupied in this case half an hour, in other cases longer. 
Change of form in the nucleus and protoplasm was likewise 
established. 

Of the researches of Stricker and Klein, I will here merely 
mention that they were the first to establish the process of the 
division of the cell-substance, but they give no explanation of 
the relation of the nucleus to the act of division. 

But mention must here be made of a circumstance which 
was noted by Stricker, and later also by Flemming (58), 
Frommann (73), and J. Arnold (4). It is the disappearance 
of the nucleus for a time during the simple, not karyokinetic, 
division. No satisfactory explanation of this remarkable 
occurrence is at present forthcoming. 

I have here intentionally given the first place to the simple 
process of nuclear and cell division, as it was inferred by 
Remak, and as it was directly studied by the other authors 
named, chiefly in order to be able to emphasise the 
character of the karyokinetic division about to be described, 
and because, as we shall see later, the old scheme of 
nuclear division remains essentially true, even in the karyo- 
kinetic form. 

This scheme of Remak’s, which we will, with Flemming, call 
“direct nuclear division,’ or ‘ amitotic division” of the 
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same author, is now contrasted with another mode of divi- 
sion, the ‘mitotic division” (‘ karyomitosis,”’ “ mitosis,” or 
‘indirect division”? of Fleming; ‘‘ karyokinesis ” or “ karyo- 
kinetic division” of Schleicher), the appearance of which 
differs in many respects from direct division. The striking 
and characteristic features of this mode of division lie in 
the fact that the nucleoli as well as the nuclear membrane 
disappear, or rather seem to disappear. Moreover, as already 
remarked, the place of the nucleus is taken by a very charac- 
teristic figure of threads, which changes in form and arrange- 
ment in a perfectly well-ascertained way, then withdraws 
towards the two sides, and forms the basis for two daughter 
nuclei. At the point where these are formed certain peculiar 
radiating appearances in the protoplasm are seen pretty early — 
stars, “asters,” or “sunfigures.” Cell-division then follows, 
in the usual way, after nuclear division. 

On account of the change in position and arrangement of 
the nuclear threads, Schleicher has, as stated, given the name 
*‘ karyokinesis ” or “ karyokinetic division” to the whole pro- 
cess, whilst Flemming’s terms, “ mitosis ” and “ karyomitosis,” 
refer to the appearance of the above-mentioned thread figure.! 

The name “‘ indirect division” is well chosen only in con- 
trast to “direct division ;” otherwise it seems, as Flemming 
admits, but little appropriate. 

I will now represent in figures, copied chiefly from Rabl 
(165), some of the processes of karyomitosis, but I must 
briefly describe the essential structure of a nucleus not engaged 
in division, a so-called “ resting nucleus.” 

In most of such nuclei (fig. 1) there can be distinguished the 
network (“ Kerngerust”’), the nucleoli (‘ Kernkorperchen ”’), 
the nuclear sap (“ Kernsaft” of R. Hertwig or ‘‘ Zwischen- 
substanz ” of Flemming), and the nuclear membrane. Without 
going into the extensive literature, rich in controversy, on 
the subject, it is necessary to discuss further some of the 
details. 

The nuclear net work, in the ordinary condition of a nucleus 


1 Kadpvoy, nut, nucleus; xevnoe, motion ; proc, thread, 
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(resting nucleus), consists of a network of distinct threads 
or strings, some finer, some coarser, the arrangement of which, 
according to the figures and descriptions of most authors, 
does not reveal a definite regularity or constancy. Some 
writers, on the other hand, such as Balbiani (9) and Flemming 
(58), Biitschli (44), Rabl (165), and others, have made out a 
special and regular arrangement of threads in nuclei of certain 
organs and in certain animals. Balbiani and Rabl go so far 
as to assume a regular arrangement as universal for all resting 
nuclei, but no generalisation can be formulated in regard to 
this. For example, Balbiani found in Chironomus-larva only a 
single greatly coiled thread in the resting nucleus. Flem- 
ming is inclined to regard this as a widely spread occurrence. 
Others dispute this (see below). Again, it is still doubtful if 
the threads, whether there be oneor many, arenon-anastomosing, 
or if there exist net-like anastomoses between the separate 
coils, in other words, a network (as in fig. 1). Were there a 
regular arrangement of threads in every existing nucleus, it 
would be of great importance in the interpretation of the phe- 
nomena of karyokinesis. Rabl has, indeed, expressly pointed to 
such an interpretation of the network of resting nuclei. He 
distinguishes “ primary ” from “ secondary ” nuclear threads ; 
the former are longer and mostly arranged excentrically in the 
nucleus, and extend round the surface of it in such a way 
that at one point of it—the “ polar-field”” (Rabl)—they form 
loops, the apices of which are placed round the pole, whilst 
their free ends extend nearly to the opposite side, where a 
different arrangement is recognisable. This side of the nucleus, 
in which a polar area is not present, is called by Rabl the 
‘‘Gegenpolseite ” (antipole). Figs. 2, 3, and 4 serve to explain 
this. In fig. 2 the angles of the loops are directed towards 
the pole; in fig. 3 the ‘“‘ antipole”’ is represented. Neither 
figure, however, applies to the resting nucleus, but to the first 
stage of karyokinesis, the so-called ‘‘ dense skein” (“ dichter 
Kniuel”), where the secondary threads have disappeared 
and the primary threads are so prominent that the whole 
arrangement is distinct. Fig. 4 shows on the right side of 
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the drawing the plan of the arrangement of the threads in 
a resting nucleus according to Rabl’s idea; on the left only 
the primary threads are drawn. The nucleus is represented 
in side view, the pole (P.) above, the antipole below. To the 
right, which represents the resting condition of a nucleus, two 
primary loops are to some extent recognisable, but passing 
from these are numerous secondary threads, uniting with one 
another and with the primary. threads, and in some places the 
thread substance has collected to form knot-like masses (net- 
knots). A rounder nucleolus is also shown. One can easily 
see that the primary threads must be so much the more diffi- 
cult to make out the more the substance of which they con- 
sists radiates into secondary threads and accumulates in 
knots. Thus it happens, according to Rabl, that in the resting 
nucleus the regular arrangement of thread-loops with pole 
and antipole seems to be obliterated, but it can be re-estab- 
lished in a moment if the fibrillar substance can in any way 
be made to return to the main course of the primary threads. 
Herein lies the importance of the regularity of the thread- 
work for karyokinesis. We shall return later to this point. 

The structure of the network is peculiar in certain cilio- 
flagellata, e.g. Ceratium tripos. Here Biitschli (44) finds 
a honeycomb structure with perfectly closed meshes, so that 
the nucleoplasm, although the nuclear membrane is absent, 
is not in direct communication with the protoplasm. In 
plant-cells no so-called secondary threads forming a net- 
work were found by Strasburger (191), nor was he able to 
make out with certainty whether during the resting stage only 
one thread was present or several threads; and if the latter, 
whether they have a definite arrangement. 

We must now mention certain peculiarities in the behaviour 
of the nucleus and its constituents to chemical reagents and 
stains, as well as the constituents present in addition to the 
network ; namely, the nucleoli, the nuclear membrane, and 
the nucleoplasm. 

Weak acids (acetic, formic, &c.) render the network and 
the nucleoli distinct ; water causes them to swell up; chromic 
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salts, on the other hand, render them indistinct. Nearly all 
dyes—I mean those usually employed, such as acid-carmine, 
hematoxylin, saffranin—stain the network and the nucleoli 
very intensely, whilst the rest of the nucleus, the so-called 
“ nucleoplasm,” between the threads either remains unstained 
or takes only a very feeble stain. 

These differences in their behaviour tostains has led Flemming 
to distinguish in the nucleus so-called ‘chromatic substances” 
from “ achromatic substances.” Amongst the former he places 
the substance of the network and nucleoli which stains deeply 
and intensely by alum-carmine and anilin dyes; with the 
latter he places those parts which remain uncoloured, for 
example, what is spoken of as the ‘‘ spindle figure.” He calls 
the colourable substance of the network “ chromatin.” Re- 
lying on Zacharias’ researches he regards chromatin as perhaps 
identical with nuclein or with one of its derivatives.! 

The facts discovered by Balbiani (44) and Pfitzner (153) 
appear to be of some importance, viz. that the chromatic threads 
are composed of regularly arranged granules (spherules) of a tub- 
like shape,—“ discs” of Strasburger, ‘‘chromatin-spherules ” 
of Pfitzner, “‘ microsome-discs” of Strasburger (194) ; this is 
especially well seen during karyokinesis. It is now pretty 
generally admitted that, besides these ‘ chromatin bodies,” 
an achromatic intermediate substance, the ‘ nucleo-hyalo- 
plasma” of Strasburger, is present in the threads. Carnoy 
(47) believes that the single, greatly coiled chromatin thread 
present in the nucleus in Arthropoda has a “ plastin-envelope,” 
consisting of nuclein substances; this view is confirmed by 


1 Pfitzner goes still further in the use of the words chromatin and achro- 
matin. With Flemming he calls the colourable substance of the nuclear 
network “chromatin.” As the nucleoli behave somewhat differently to dyes 
and present other points of difference, he named their substance “ prochro- 
matin; by which would be implied that this was a first stage of chro- 
matin. Later, he selected the word ‘‘ pseudochromatin,” which does not 
indicate any definite connection with chromatin. For “nucleoplasm” he 
retains Flemming’s “achromatin;” giving, however, the name “ parachro- 
matin”’ to the substance of the spindle figure, which behaves differently from 
nucleoplasm. 
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Ch. van Bambeke (12), without further examination of the 
chemical composition of the envelope. 

In my opinion it is not finally proved what form is taken by 
the Balbiani-Pfitzner chromatin bodies. Pfitzner calls them 
“‘spherules ;” Strasburger describes them, both in his earlier 
as well as in his latest papers (191), as tub-shaped discs; as 
also does Carnoy for Arthropoda. 

The nucleoli present much difficulty in their interpretation. 
Itis generally known that they are roundish structures, which 
stand out distinctly from the rest of the constituents of the 
nucleus, and are stained deeply. It is, however, doubtful 
what relation they bear to the network. Some authors, for 
example Flemming and Pfitzner, regard the nucleoli as 
distinct from the network; they are to be considered as 
independent structures inside this; not in connection with 
the threads, but separate from them, although they appear 
arranged along them. Others, for instance E. Klein (1038), 
of London, regard the nucleoli as merely much-thickened 
knots of the network of threads, and as identical with 
these: I agree with him on account of their behaviour 
during karyokinesis. As a matter of fact such thick knots 
do occur in the chromatic network. These, according to 
Flemming (58), must be distinguished from true nucleoli. 
A glance at fig. 1 shows a well-defined and rounded nucleolus, 
in addition to the knots, or “net-knots” as they may be 
termed to distinguish them from the nucleoli. 

According to Pfitzner, true nucleoli never have any connec- 
tion with the chromatin coil, but le freely in its meshes. 
Apart from this, Flemming further finds differences in the index 
of refraction and in behaviour to stains. In Ceratium 
tripos, Biitschli found the nucleoli lying in the nucleus to be 
formed of a fine network. E. Zacharias (209) says that in 
plant-cells the nucleoli are deficient in the characteristic 
nuclear-constituent nuclein; but, on the contrary, consist of 
a network of plastin-substance, in the meshes of which 
are other albuminous substances. This would point to the 
independence of nucleoli. Carnoy (47) would distinguish 
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four different types of nucleoli (in Arthropoda) ; if this be 
true, it seems to me questionable whether such different things 
should be called by one and the same name. Researches in 
Gaule’s laboratory by Ogata (151) and Lukjanow (129), and 
again by Stolnikow (189), have shown that nucleolar-like 
bodies behave very differently towards stains (eosin, saffranin, 
nigrosin, and hematoxylin). They are therefore distinguished 
by these authors as (a) “karyosomes,” bodies that are 
stained blue; (0) ‘‘ plasmasomes,” which stain red; (c) 
“ hyalosomes,” which are not stained (vide Lukjanow). As 
Ogata first pointed out, these bodies may wander out of the 
nucleus into the cell-body; the out-wandering plasmasomes 
form the so-called “ paranuclei” (Nebenkerne), which take so 
important a share in the regeneration of cells. 

The significance of all these things to the life of the cell is 
still very obscure. Strasburger and Pfitzner (1. c.) are inclined 
to look upon the nucleolus as a place of storage for the so- 
called ‘‘ reserve substance,” a view which is entirely supported 
by their behaviour during karyokinesis. They become lost, in 
fact, during the process, and reappear in the new nuclei after 
division. A. Brass (39) too brings the nucleolus into con- 
nection with the process of nutrition of the nucleus. In 
Spirogyra, according to Meunier (136), all the chromatin is 
contained in the nucleolus, and is from here exclusively con- 
verted into the mitotic figure. 

The nucleoplasm is not by any means to be regarded as 
a simple watery liquid; everyone considers it rather as con- 
taining albumen. By means of different reagents fine granu- 
lations can be seen in the nucleoplasm ; according to Flemming 
(58) these must be due to the result of coagulation—or rather 
precipitation—and are not to be regarded as structural. 
Carnoy (47) regards them thus, since he describes the nucleo- 
plasm as a fine plastin-network, with more fluid contents 
(“enchylema”’) ; whereas van Bambeke (I. c.) and Platner 
(161) are of a different opinion. 

The nuclear membrane presents a good deal of difficulty; 
on all sides it is held—and I myself agree with this view— 
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that the network is denser near the periphery of the nucleus, 
and thus forms a perforated basket-like limiting layer. By 
others, an achromatic nuclear membrane is admitted for many 
nuclei, as, for instance, by Flemming (58) ; whilst many, like 
Strasburger and Pfitzner (154), believe in a membrane-like 
arrangement of the cell-protoplasm immediately around the 
nucleus—the “inner cell-membrane.” In his later contribu- 
tion (191, p. 30), Strasburger agrees with Guignard (84) that 
the whole nuclear membrane belongs genetically to the cell- 
protoplasm; it is a limiting layer of cell-protoplasm applied 
around the nuclear substance. At any rate it attains a 
more complete morphological individuality than the rest of 
the cell-protoplasm. It would certainly appear that the 
nuclear membrane belongs genetically to the cell-protoplasm, 
from the fact that in plant-cells it becomes associated with 
the protoplasm during karyokinesis, and becomes again arranged 
around the daughter nuclei. 

With regard to the chemical composition of the substance 
of the nucleus—an important item for a correct conception of 
the process of mitosis—recent researches have proved much, 
especially on the botanical side. Besides the “nuclein,” 
discovered by Miescher (137), which forms an essential part 
of the mass of the nucleus, Reinke and Rodewald (170) have 
found “ plastin,’ and Kossel (111—113) ‘“‘histon” and 
“adenin.” According to all present opinions, nuclein is found 
chiefly in the chromatic substance; see HE. Zacharias (208, 
209). Franz Schwarz (185) gives the following names to the 
various constituents of the cell-body and nucleus :—(1) “ Chro- 
matin,” which forms the substance of the Balbiani-Pfitzner 
chromatin bodies, of which a description has already been given. 
These are identical with Strasburger’s “ nucleo-microsomes,” 
a name which its author in his latest publication (191) gives 
up, on the ground that the chromatin bodies are chemically 
and morphologically different from the “microsomes” (‘‘ cyto- 
microsomes”), which must be regarded as the chief consti- 
tuents of the cell-protoplasm. (2) “ Linin” (dwvoy, thread). 
This substance is identical with Strasburger’s ‘“ nucleo-hyalo- 
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plasm,” and with Pfitzner’s “ parachromatin ;” it is the feebly- 
staining ground substance of the chromatic threads, in which 
the frequently mentioned deeply staining chromatin granules 
are embedded. We shall very easily become familiarised with 
the name “linin,’”? on account of its brevity, in place of 
the inconvenient terms ‘ nucleo-hyaloplasm ”’ and “ para- 
chromatin.”? Strasburger, indeed, has already adopted the 
word in his latest work. (8) ‘ Paralinin,” by which is meant 
the more fluid substance of the nucleus, which is present 
between the threads. Its synonyms are “ Kernsaft” (O. 
Hertwig), “Zwischensubstanz,’’ and “ Achromatin” (Flem- 
ming), and “ Karyochylema” (Strasburger). (4) “‘ Pyrenin” 
(zupny = nut, nucleus) refers to the substance of which the 
nucleoli are composed. It may reasonably be doubted, as 
is done, for example, by Strasburger (191), whether F. Schwarz 
is right in assuming a uniform substance for nucleoli. (5) 
“ Amphipyrenin,” the substance forming the nuclear mem- 
brane. This is very similar to pyrenin. (Cf. what is said 
about the relation of the nucleoli to the nuclear membrane.) 
Nevertheless, pyrenin takes stains easily, whilst amphipyrenin 
does not; both exhibit reactions different from chromatin. 
According to Schwarz, linin agrees most nearly with nuclein 
in its reactions, and not with chromatin (in opposition to 
previous views, see above). Paralinin stands close to globulin. 
This paralinin is not a fluid in the usual sense, therefore the 
otherwise suitable word “ Kernsaft” does not commend itself ; 
moreover, it is achromatic. One can only admit a true “sap,” 
like karyochylema, in vacuoles. As this view agrees with 
that of Carnoy already mentioned, we must inquire further 
into it. : 

In opposition to most of the recent views, F. Schwarz (185) 
holds that in cell-protoplasm there is no preformed net- 
work, but that a part of it can form itself into threads and 
strings ; that is, cytoplasma isa mixture in which, under certain 
circumstances, a separation of a denser, more tenacious, and of 
a more fluid substance can take place. For instance, vacuole 
formation is due to such a separation. As for the chemical 
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composition of cytoplasm, F. Schwarz recognises (1) *‘ plastin ”’ 
(Reinke) or “ cytoplastin,”’ a viscous, extensible mass, which 
resists pepsin and trypsin digestion; (2) ‘‘ microsomes”’ in- 
soluble in water and in cytoplasm. These are of different 
composition in different cases, and therefore cannot be com- 
pared with the chemically uniform chromatin bodies of the 
nucleus; (3) the substance dissolved in the vacuoles. The 
microsomes may be absent. Nos. | and 8 are always present. 
These are, of course, found chiefly in plant-cells. 

We will now return to the process of karyokinesis, and 
follow the description of it which Rabl (165) has most recently 
given, and which, as already stated, agrees in all essential 
points with that given by Flemming (58). 

We start with the resting nucleus, as represented in fig. 1, 
which also represents the first stage of karyokinesis in which 
all the secondary threads of the network, as also the nucleoli 
and net-knots have disappeared, their substance passing into 
that of the primary threads. Fig. 4 shows a nuclear scheme, 
in which, on the right side, net-knots and a nucleolus are 
distinct, whilst on the left they are absent. If we imagine the 
secondary threads, knots and nucleolus to become absorbed 
into the primary threads it will represent the first stage of 
karyokinesis, as is shown in fig. 2 as seen from the polar field. 
We call this stage, with Flemming, the “ Knatel-stadium ”’ 
(skein stage), or “ spirem,”! or “ mother-skein.” 

EK. van Beneden (23) was the first to show, for the egeg- 
cell, that the chromatic threads, with the distinct appearance 
of which karyokinesis commences, is only a portion of the 
network existing in the nucleus, and it is now distinct because 
of the denser aggregation of “chromatin.” Rabl has recog- 
nised this in other cells, and generalised thereon. 

Contemporaneously with this change an increase in size of 
the whole nucleus is perceptible. 

Balbiani and Strasburger have, as already said, stated their 
opinions, with which the descriptions given by Flemming and 
Carnoy agree, that in the resting nucleus and at the com- 


1 orepypa = a twist or ball of thread. 
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mencement of the “skein” only a single thread is present, 
which is greatly coiled and so has the appearance of a large 
number of separate loops. So difficult is it, as I know from 
experience, to be positive on this point, that I might agree 
with Rabl when he says that from the commencement nume- 
rous separate loops—as many as twenty in animal cells— 
are present. 

Strasburger, too, in his later contribution (191) has given 
up his earlier views as to the presence of only a single thread. 
In the cells of Chironomus-larva, where Balbiani first recog- 
nised it, Strasburger has also admitted a single thread. Rabl, 
differing from his predecessors, describes the already men- 
tioned typical arrangement of the thread-loops at right angles 
to the long axis of the nucleus, with a “ polar field” at the 
pole (Polseite), and with an “ antipole”’ (gegen-Polseite) at the 
opposite side, and believes that the threads in the greater 
number of cases lie at the surface of the nucleus (figs. 2 and 8). 

Rabl does not find polar rays in the protoplasm of the cell 
(the “cytaster”’) at this stage (see fig. 7), whereas Flemming 
has observed them in an egg-cell clearly defined in this stage, 
and moreover regards a “ dicentric arrangement ” of the proto- 
plasm as a very early phenomenon in tissue-cells about to divide, 
nothwithstanding that a distinct radial arrangement of the 
protoplasm at two opposite poles is not yet recognisable (see 
later, under van Beneden’s views). 

The primary nuclear figure, which we have now described, 
is termed the ‘denser skein” (dichter Knaiiel) ; it passes 
into the ‘loose skein” (fig. 5). This is brought about 
by the threads becoming thicker and shorter, and uot being 
so tightly coiled. At the same time the single thread 
undergoes transverse division, so that the number of sepa- 
rate loops is increased. abl concludes, from Flemming’s 
numbers and his own, that in one and the same species 
of animal and kind of cell the number of thread-loops 
at this stage is constant. For instance, in the epidermic 
cells of the Salamander there are twenty-four loops. Stras- 
burger and Heuser (97) also give a definite number for certain 
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plant-cells ; the former has recently stated that an absolute 
constancy does not exist, at least not in all kinds of cells. The 
generative cells exhibit in a remarkable manner the same 
number of loops (in one and the same species). (On this 
point cf. Boveri, p. 103.) 

Anyone who like Flemming believes only in a single thread 
in the foregoing stage, must regard it as dividing in the stage 
‘ of the “ loose skein ” into numerous pieces or loops. 

As already observed, Rabl also believes in such a division into 
several loops, but from the commencement he recognises numer- 
ous loops, so that for him the division is much more limited. 

After the “loose skein” there follows, as a third arrange- 
ment of the first stage of karyokinesis, the so-called “ seg- 
mented skein,” a term given to one of the most important of 
Flemming’s discoveries, and which is now known as a general 
phenomenon of karyokinesis, namely, the longitudinal splitting 
of all the thread-loops (see figs. 6 and 7). By means of the 
splitting of the several threads, as is proved by later events, a 
resolution of the whole chromatic mass of the nucleus into 
two equal parts takes place, and the succeeding phenomena 
result in the portions separating from one another, and 
grouping themselves as two new daughter nuclei. 

Rabl says definitely that he has always found the longi- 
tudinal splitting of the chromatic threads to be completed at 
the end of the skein phase. E. van Beneden (for Ascaris 
megalocephala) lays special stress on the fact that the two 
daughter-threads are exactly alike down to the smallest detail. 
The longitudinal splitting, according to him, is at first not 
complete, so that the sister threads for some time remain 
connected with each other at their two ends by means of a 
less deeply staining substance. This connection still continues 
when the sister-threads separate towards the two poles. There 
are then seen, as was first shown by van Beneden and later by 
Rabl, fine achromatic threads (‘ filaments réunissants ” of van 
Beneden) stretching from the ends of the separating loops, 
which for some time connect the chromatic loops of the 
daughter-nuclei (‘‘ Dyaster*’). These threads must be clearly 
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distinguished from those of the spindle figure (van Beneden, 
fig. 11). Besides the longitudinal splitting of the threads, 
however, the final stage of the “skein” exhibits during its 
course a series of other remarkable phenomena, chiefly the 
appearance of the so-called ‘‘ achromatic nuclear spindle,” and 
the commencement of the arrangement of the chromatic loops 
in a different position with respect to this spindle. 

The well-developed nuclear spindle is shown in fig. 7; it 
consists of two poles and an equator. The delicate threads of 
which it consists are stained, as already mentioned, much more 
feebly than the thicker threads of the chromatic figure, at any 
rate with Flemming’s so-called true nuclear stains (alum-car- 
mine, anilin, Bismarck brown, gentian violet, methyl green, 
&e.), whereas on the other hand they become coloured by 
many carmine solutions, as well as by hematoxylin. The threads 
are much more delicate than those of the chromatic figure, 
especially in animal cells ; but in plant-cells the spindle figure 
becomes evident almost directly... According to Carnoy these 
threads are continued into the cell-protoplasm at the two 
poles (cf. van Beneden below, and fig. 7, ‘‘ Cytaster ”’). 

Further study of the achromatic threads shows that the 
spindle-threads disappear in solution of pepsin, and are ren- 
dered distinct in weak acids, especially hydrochloric. The 
figure has not always the shape of a spindle, but in plant-cells 
especially, it not infrequently presents a cylindrical shape 
(‘‘ cylindrical thread-bundle”), so that when seen from the 
pole it resembles not a star but a dotted barrel or tub. 

As to its origin and meaning opinions differ. I shall return 
later on to this subject. 

1 The most distinct spindle figure in animal cells, which I have had the 
opportunity of seeing, is in some very beautiful preparations by Mayzel; 
these are preparations of the epithelium of Descemet’s membrane of the 
Frog (Rana esculenta). They were treated with weak chromic acid, and 
stained with carmine, and remain well preserved in glycerine after some years, 
without losing their distinctness. (Cf. Mayzel’s work (184) in the ‘Fest- 
schrift zu Ehren Hoyer’s.’) Recently I studied the spindle in the most 


perfect form in Kultschitzky’s preparations of the eggs of Ascaris megalo- 
cephala made in this laboratory. 
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Rabl’s researches further show that the spindle figure 
changes its position during division, and, what is especially 
remarkable, that the loops of the chromatic figure follow this 
change of position. It has been known since the discovery of 
karyokinetic cell-division that the threads of the daughter- 
nuclei group themselves round the poles of the spindle. 
Flemming and E. van Beneden (Jl. cc.) have also taught that 
the daughter-loops move along the threads of the nuclear 
spindle in order to reach the poles. Rabl has shown that 
from the first appearance of the spindle figure it exerts an 
“ arranging ” influence, as it were, on the chromatic threads ; 
and this takes place during the phase of the ‘‘ segmented skein.” 

When the spindle figure first becomes visible it lies (in 
the Salamander), according to Rabl, in the neighbourhood of 
the polar area, and is so placed that its equator lies in the 
polar area, whilst its long axis is directed obliquely to the 
long axis of the nucleus. Later on it sinks deeper into the 
nuclear substance, and takes up a position such that its equator 
falls in that plane along which the division of the nucleus will 
occur (division-plane). The long axis of the spindle figure 
thus coincides with the “ division-axis”’ of the nucleus. We 
may here add that this division-axis of the nucleus is not 
always the same as its long axis or as the long axis of the 
cell; e.g. a cylindrical cell may divide, not only transversely, 
but also longitudinally, as, amongst others, Arthur Kollmann 
in his beautiful work on the tactile apparatus of the hand 
(110) has shown to be the case with the deep-lying cells of the 
rete Malpighii, and as Rabl describes for the Salamander. 
Oblique division, too, may occur. In many cases things go on 
in such a way that, according to Rabl and Strasburger, the 
axis of division passes through the polar and antipolar areas 
of the mother-nucleus ; in later stages therefore the polar area 
of one daughter-nucleus will coincide with the original polar 
area of the mother-nucleus, and that of the other daughter- 
nucleus with the original antipole (see fig. 12). This is not 
always the case, however, for Strasburger finds that in plants 
the division-axis more often lies parallel to the polar area. 
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With regard to the position of the chromatic loops relative 
to the nuclear spindle we have seen already that the angles 
of the loops at the commencement are in great part inclined 
to the polar area, i.e. to the equator of the now obliquely 
placed nuclear spindle. When the spindle sinks so that its 
equator comes to lie nearer the middle of the nucleus, then— 
ang this is one of the chief figures of the last phase of the 
skein stage—the loops follow the equator of the spindle as if 
they were drawn down by it, and gradually group themselves 
in a ring round the equator with their angles inwards. It 
is evident, as Rabl points out, that with this the distinction of 
polar and antipolar areas ceases, and now two poles arise in 
the nucleus corresponding to the two poles of the spindle 
figure (see figs. 5, 6, 7). 

Two processes belonging to the final phase of the skein 
stage remain to be mentioned—the polar ray-formation 
in the cell-protoplasm, and the disappearance ofthe outer 
nuclear contour. 

The star figure (“Polar Strahlungen,” polar rays, “aster’’) 
in the cell-protoplasm has already been touched upon. In 
many cells, e.g. egg-cells, it appears very early, as Flemming 
has shown (58). In most cells, however, it first becomes dis- 
tinct at the final phase of the “ skein ;” the rays start from the 
pole of the spindle (figs. 7, 9, 10, 11). By all students of 
the subject it is agreed that the nuclear membrane becomes 
invisible towards the end of the “skein” stage. As to what 
happens to it the various opinions are not in agreement. Stras- 
burger has been the most occupied with this part of the 
process, and according to his idea, which has already been 
given, the cell-protoplasm enters the cavity of the nucleus on 
the disappearance of the nuclear membrane and here mixes 
with the nucleoplasm so that the original outline of the 
nucleus is completely lost, and there only remain as a material 
expression of the nucleus the chromatic threads and spindle 
figure. If, with Strasburger, we believe that the spindle 
figure is formed by the inflowing cell-protoplasm, then the 
formal nucleus from this stage onwards is represented only by 
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the chromatic figure. Accordingly, the figures of Strasburger, 
as well as those of Flemming, Rabl, &c., of the final phase 
of the “skein” no longer show a boundary to the nucleus, 
but only a clear area round the thread figure which differs 
more or less in shape from the earlier outline of this nucleus. 

How the mixture of the nucleoplasm with that part of the 
cell-protoplasm concerned takes place, most authors (with 
the exception of Strasburger)} leave undecided. The above- 
mentioned clear area at which the nuclear- and cell-substance 
meet after the disappearance of the nuclear membrane has 
been especially described by Flemming and Rabl, and we shall 
refer to this point later on. 

Finally, mention must be made of van Beneden’s “ pole- 
bodies” (Polkérperchen), which on the complete formation of 
the spindle figure appear at its poles (figs. 7 and 8). He dis- 
covered them in the egg of Dicyema (19). They are small 
shining bodies which must be regarded as independent struc- 
tures, not as expressions of the junction of the spindle-threads. 
Their origin and meaning are still unknown. Carnoy (47) 
looks on them as stores of nuclear material which are partly 
formed from cytoplasm, and which are used up later on in the 
reconstruction of the daughter nuclei. 

In plant-cells ‘ pole-bodies ” have not been hitherto observed 
(Strasburger). . Polar rays exist here, though rarely (see 
below for polar rays and pole-bodies, as well as for the struc- 
tures known as “ attraction spheres” of van Beneden). 

After the spirem stage, which we have up to this moment 
been describing and which terminates with the completion 
of the longitudinal splitting of the chromatic threads, there 
now follows the stage which is termed the “ mother star,” 
“ aster,” or “‘ monaster” (fig. 7). The peculiarity of this is 
the arrangement of the chromatic loops around the equatorial 
plane of the spindle figure in such a way that the angles of 
the loops are directed towards the centre of the spindle and 
the limbs peripherally. Flemming was the first to describe 
the process. As he previously pointed out, the equatorial region 
of the spindle figure is a sort of area of attraction for the 
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chromatic loops, so that the process which was commenced 
in the previous stage will be completed at the beginning of 
this stage, and in a very remarkable and interesting way. 
The chromatic threads follow the equator of the spindle figure, 
and here group themselves close together in the way already 
described. If one looks at a nucleus from one of the poles of 
the spindle, the chromatic figure will appear as a star with a 
a clear centre, in the middle of which is a second star, the pale 
spindle figure, from the pole of which one is looking (fig. 8). 
The longitudinal splitting is accompanied by a shortening and 
a thickening of the threads. 

This stage lasts for only a short time, and quickly passes into 
the following, which is now termed by Flemming “ metakinesis.”! 

In this there is accomplished, essentially, the separation of 
the chromatic sister-threads resulting from the previous longi- 
tudinal splitting. EH. van Beneden (28) was the first to show 
with certainty in animal-cells (segmentation of the egg of 
Ascaris megalocephala), and Heuser (97) at the same 
time in plant-cells, that of the two secondary threads (sister- 
threads) which arise from one original chromatic primary 
thread, one goes to one pole of the nuclear spindle, and the 
second to the opposite pole. Next to the recognition by 
Flemming of the longitudinal splitting of the threads, these 
discoveries by van Beneden and Heuser are certainly the most 
important which have been made on the subject of karyo- 

1 The expressions “ equatorial plate ’” (Flemming), ‘‘ nuclear plate” (Stras- 
burger), are, on account of the word “ plate,” best suited to the end of the 
monaster stage, when the chromatic elements are collected together in 
one plane at the equator. The word “ metakinesis” is better used for 
the next stage, in which the halves of the loops begin to separate from one 
another; it does not quite correspond to the term “ equatorial or nuclear 
plate.” The word “ plate” is moreover not particularly descriptive of a struc- 
ture formed of loops; in some cases, namely, in plant-cells, it happens that the 
chromatic threads are very short and resemble granules ; such thread-elements - 
lie close together nearly in one plane, so that certainly the impression of a 
“plate” is conveyed. Mayzel, in his work already mentioned, represents such a 
condition in the spermatocytes of Liparis and Sphynx-larve, and in other 
animal cells. He described them previously (1881). Recently Platner has 
described similar structures in his work on karyokinesis in Lepidoptera (161). 
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kinesis during recent times; by means of them Flemming’s 
discovery first attained its full value, as van Beneden clearly 
appreciated (1. c., pp. 328, 379, and 380). 

Flemming had already (58) given many minute details of 
the process, and Rabl (165) has recently added a very careful 
description of metakinesis in the connective-tissue cells of the 
Salamander. The figures 9 and 10 copied from Rabl (in which, 
as in fig. 11, the nuclear membrane is no longer evident) give 
a rough representation of the course of events. 

Metakinesis now leads to the next—the fourth—stage, that 
of the “ daughter-stars ”’ (Dyaster), fig. 11. This commences 
when the open limbs of the loops of the chromatic threads, 
passing along the spindle figure towards the poles, no longer 
touch at the equatorial plane. The angles of the loops of each 
polar half approach one another, the open limbs lose the di- 
rection parallel to the spindle figure which they had during the 
separation, and resume that corresponding to the equatorial 
plane, so that in a polar view one sees at each pole the figure of 
a star, the daughter-stars. The angles of the loops do not 
here touch one another, so that each shows a light spot which 
is the “hilus ” of Retzius (172). Flemming believes the loops 
of the daughter-stars to be all of equal length and symmetrical, 
in which he is opposed by Rabl (cf. the figures copied from 
the latter). 

As alast phase there appears immediately after the daughter- 
star the daughter-skein or “ dispirem” of Flemming. The 
threads become still shorter and thicker, and according to 
Rabl’s description the polar surface of the daughter-nucleus 
lies at the polar area where the above-mentioned “hilus ”’ 
is situated; the limbs of the loops bend round towards the 
former equator, and meet at that surface of the nucleus directed 
towards the antipole. In plant-cells Heuser and Strasburger 
come to similar conclusions, although, according to Guignard 
(84) and Strasburger (191), the hilus may be absent. This 
stage is followed, when division of the cell ensues, as it does in 
most cases, by division of the cell-protoplasm, which 
is brought about, essentially, by a continually deepening con- 
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striction at the equatorial plane. For the process of division 
of the cell-body see below. 

Not until the cell has divided into two halves does the con- 
version of the daughter-skein into a resting daughter-nucleus 
commence. The first trace of a new nuclear membrane arises 
in the daughter-nucleus, distinctly before the commencement 
of cell-division, at the stage of the daughter-skein. Whence it 
arises is as little known as is the mode of disappearance of the 
mother nuclear membrane. According to Rabl, a daughter 
nuclear membrane is first seen at the antipolar side. The 
pole-bodies disappear with the commencement of the daughter- 
skein. Where the chromatic threads of the daughter skein 
touch they soon become branched and send out processes by 
means of which they unite with one another, so that later on 
a network of threads arises; they then lose their uniform 
thickness. Rabl is of opinion that certain thicker threads fuse 
by their limbs to form four longer threads, but denies, in agree- 
ment with his idea of the structure of the resting nucleus, that 
all thick threads unite with one another at their ends to form a 
single thread, so as to give rise to a single greatly wound 
daughter-thread, as Flemming, Retzius, and Heuser believe. 
Thus, a daughter “resting nucleus” succeeds the daughter- 
skein, which, together with its cell-protoplasm, has increased 
in size, and in all essentials resembles the resting mother- 
nucleus. As in the latter (cf. fig. 12) primary fibres, secondary 
fibres, pole-field, and antipole-field can be distinguished. The 
distinction between the two last regions is explicable, it is 
evident by the process of karyokinesis. As to when the 
nucleolus appears and how it arises, no concordant or satis- 
factory accounts have hitherto been given. 

If we collect all that is known at the present day about the 
process of karyokinesis, we shall be able to express its essential 
character most simply in the following words of Boveri (36) :— 
“The collection of the chromatic nuclear material in a (definite) 
number of isolated parts, of characteristic form, varying with 
the kind of cell—the chromatic elements; the forma- 
tion of an achromatic figure of threads, either from the nucleus 
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or from the cell-substance, with two poles; the arrangement 
of the chromatic elements, so far as their number, size, 
and form allow, in the equatorial plane of the achromatic 
figure ; the division of the chromatic elements into two halves, 
of which one half goes to either pole; the transformation of 
the daughter elements into the network of two new nuclei.” 

We have now to speak in greater detail of certain points 
which have hitherto been only cursorily touched upon, and to 
add others which have not yet been mentioned. In the first 
place I must beg leave to propose a separate technical name 
“‘chromosome ” for those things which have been called by 
Boveri ‘‘chromatic elements,” in which there occurs one 
of the most important acts in karyokinesis, viz. the longi- 
tudinal splitting. The name “ primary loops” does not do, 
since these things have not always the form of aloop. ‘‘ Chro- 
matic elements” is too long. On the other hand, they are so 
important that a special and shorter name appears useful. 
Platner (160) employed the term “ karyosome,” but since this 
suggests the nucleoli another name ought to be used. If the 
one I propose is practically applicable it will become familiar, 
otherwise it will soon sink into oblivion. 

In the second place, with regard to the spindle figure and 
the radiating figure in the protoplasm, these are shown 
in figs. 5—11. The spindle figure was first figured and briefly 
described by Alexander Kowalevsky, then at Kiew, in his 
renowned work (114), ‘ Embryologische Studien um Wiirmern 
und Arthropoden.? The polar rays in the cell-protoplasm 
which emanate from each pole of the spindle figure were first 
shown to us by Herman Fol, of Geneva (64), and A. Schneider 
(181). Whereas Fol and Schneider give good figures and 
descriptions of the polar rays, that of Kowalevsky of the. 
spindle figure is incomplete, and he interprets it as being due 
to a division of the nucleoli. Carnoy (47) has recently come 
to the conclusion that the nucleoli take a share in the forma- 
tion of the spindle-threads. Biitschli (41, 42) was the first to 
give us minute details. In spite of the numerous researches 
which have been directed towards this point by Flemming, 
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Strasburger, and Mayzel, we are still in doubt as to the origin 
and meaning of the spindle figure and polar rays; nor do we 
know anything definite as to the ultimate fate of either of these 
structures. But unquestionably the “nuclear spindle ” is one 
of the most important phenomena in karyokinesis, and I do not 
think I shall be mistaken if I anticipate further advance in 
our knowledge of the nature of mitotic division from the 
elucidation of the origin and fate of the spindle-threads. 

If we exclude the isolated statement (already mentioned) that 
the nucleoli take a share in the formation of the spindle 
figure, there are at the present time three views as to its 
origin :—(1) The achromatic threads arise chiefly from the 
cell-protoplasm (Strasburger, Guignard, and others, chiefly 
botanists) ; (2) they arise from the achromatic thread 
substance of the nucleus (Biitschli, Flemming, Pfitzner, 
Carnoy, Rabl, O. Zacharias, and Schewiakoff) ; (3) they arise 
both from the achromatic nuclear constituents, and 
from the cell-protoplasm (E. van Beneden, Heuser, Plat- 
ner, and others). With regard to Platner’s view it should be 
remarked that in Arion (160) it is, according to him, formed 
only from the achromatic nuclear constituents. In a second 
contribution, however (161), he derives the polar part of the 
threads from the cell-protoplasm, and the equatorial part from 
the nuclear substance. He agrees in this with H. van Beneden, 
who holds the opinion (23, 24) that at first the two halves of the 
spindle figure are separated at the equator, so that instead of 
spindle-threads we have two cones. This agrees with Boveri’s 
account of Ascaris megalocephala (34), whereas Flemming 
(68) asserts that this condition has no claim to generality. 

Boveri’s view (84) sounds peculiar and contradictory, viz. that 
the spindle-threads in the formation of the so-called “ directive 
bodies ” (see below) arise from the achromatic nuclear consti- 
tuents, but that during the segmentation of the egg-cell they 
arise from the cell-protoplasm (Ascaris megalocephala). 

Strasburger (191) recognises that in Spirogyra poly- 
teeniata the greater part of the spindle figure is formed from 
the cell-protoplasm, and in agreement with van Beneden’s 
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view states that at first the two halves of the spindle are 
separate, but later on unite at the level of the equatorial 
plate to form a single structure. The remainder of the spindle- 
threads attach themselves to the chromatic loops of the equa- 
torial plate. Since the nuclear membrane remains present 
during the formation of the spindle figure, the spindle-threads 
have to perforate the membrane, which becomes sieve-like. 
Strasburger believes that there is here an explanation of Flem- 
ming’s view that the spindle-threads can appear inside an 
apparently complete nuclear membrane; but within the nuclear 
membrane, besides the chromatic loops, there are some very 
delicate threads which unite the chromatic loops to the nuclear 
membrane. Whence these delicate threads arise, whether 
they originally belong to the nucleus or whether they pene- 
trate from the surrounding protoplasm, what finally becomes 
of them, whether they unite with the chromatic loops or with 
the spindle-threads, Strasburger leaves undecided. He is 
disposed to derive them from the surroundings of the nucleus, 
i.e. from the cytoplasm, and to believe that they unite later 
on with the spindle-threads; in this respect the spindle- 
threads in Ascaris megalocephala (Boveri and E. van 
Beneden) exhibit the same behaviour asin Spirogyra. The 
greater part of the threads later on stretch from both sides of 
the equatorial plate, but only a small number of them are 
directly connected with it, so that only some few threads 
extend from pole to pole. Boveri finds the same thing in the 
testis-cells of Crustacea. i 

On the other hand, Carnoy (47) believes that in all the 
Arthropods studied by him all the threads reach from pole to 
pole ; the same thing obtains also in the testis-cells of Sala- 
mander, at least in all probability, according to Flemming. 
They have the same relation in the higher plants, according 
to Went (205) and Strasburger (191), whereas Berthold 
(‘ Protoplasma-mechanik’) believes that only a portion of 
the threads extend from pole to pole (in plants). 

Strasburger, however, does not regard his view as to the 
formation of the spindle figure as universal ; in discussing the 
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work of Schewiakoff (178) he suggests the possibility that in 
Protozoa the spindle figure arises from the nuclear substance; 
he connects this with the permanent demarcation of the nucleus 
from the cytoplasm. 

In Spirogyra those spindle-threads which have united with 
one another at the equatorial plane, remain for some time as 
“connecting threads ” during the separation of the daughter. 
nuclei (Strasburger makes no mention of van Beneden’s 
“filaments réunissants,” which must be distinguished from 
the spindle-threads). Finally, Strasburger believes that all the 
spindle-threads are converted into cell-protoplasm, but that this 
part of the protoplasm will immediately be used up again for 
the nourishment, as well as for the completion of the daughter- 
nuclei. 

Flemming (63) looks on a large part of what becomes the 
protoplasm of the daughter-cells as referable to the remains 
of the threads; but it does not necessarily follow that these 
threads also had their origin from the protoplasm. On the 
contrary, if the threads arise from the mother nucleus, and are 
converted into cell-substance, it is to be regarded as an im- 
portant factor in the process of hereditary trans- 
mission. “ It is possible to assign a certain predisposition to 
the cell-body.” Flemming, however, especially points out that 
he has always regarded the chromatic alone as the essential 
nuclear substance. The relation, too, of the spindle figure to the 
formation of the cell-membrane is important. In plant-cells it 
consists essentially in the formation of small knob-like thick- 
enings of the spindle-threads at the commencement of cell- 
division. The group of knobs (“dermatosomes ” of Weisner 
(207, in another sense) and of Strasburger) forms Strasburger’s 
“cell-plate.’ They indicate the plane of division of the 
nucleus and cell, and later on are in plant-cells converted into 
the cell wall, which consists essentially of a fusion of gradually 
increasing dermatosomes. 

While the membrane is developing, numerous other thread 
unions arise, as Strasburger has shown very decisively in his 
latest contribution (191). Partition walls are not present in 
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the formation of animal cells, so that we do not expect knob- 

slike thickenings of the spindle-thread such as are found in 
plant-cells. However, Mayzel describes a similar appearance 
in the division of endothelial cells of the anterior chamber of 
the eye, and E. van Beneden in the division of the Dicye- 
mide a low group of animals. Flemming, too (50), records 
on p. 246 that, in the commencing constriction of the cells, 
threads in many cases stretch: distinctly to the equator; he 
was, however, unable to determine whether these threads were 
connected with the original spindle figure. On this point 
ef. Carnoy (47) in his discussion on the directive corpuscles, 
p. 46. 

In Rabl’s memoir (165) we read on p. 282 that at the pole 
of the daughter-star a clear, strongly-refracting mass is appa- 
rent, which “ undoubtedly ” arises from the remains of the 
spindle-threads. 

Well worthy of notice are the views of Platner (159) and 
La Valette St. George (121) that, in the formation of Sperma- 
tozoa, during the last of the mitotic divisions which are here 
present, the spindle-threads are converted into the so-called 
“‘ paranucleus.”’ Compare the very careful and minute researches 
of Prenant (168). 

Only a few authors have occupied themselves with the polar 
rays, and yet I think with Fol (68) that these must be regarded 
as of great importance. Auerbach (5), one of the first to study 
the ray-formation, regarded it as an expression of the disin- 
tegration of the nucleus, and as a distribution of the disinte- 
grated nuclear substance to the cell-protoplasm ; he called it 
therefore the “ karyolytic figure.” Strasburger, as we know, 
speaks in favour of the intermixture of cell-sap and nuclear-sap 
during karyokinesis, yet we need not refer the radiating polar 
figure to it. The most detailed accounts of this important 
subject have been given by E. van Beneden and Platner. The 
former, from the commencement of his researches, has given 
the greatest attention to the processes in the cell-protoplasm 
during mitotic division. Thus, he shows that the protoplasm 
of cells whose nucleus is preparing for karyokinetic division 
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(as in cells of ovary of dogs) acquires a stronger refraction and 
a greater tendency to take stains. Van Beneden is unable to 
agree with Flemming that this depends on the formation of a 
more strongly refracting outer layer. The division over they 
lose this peculiarity. 

Again, E. van Beneden (28) discovered the “ Polkorperchen ” 
and the “ sphéres attractives,” about which we must now enter 
into some detail. 

According to the recent work of van Beneden and Neyt 
(24) the “sphéres attractives ” appear very early in Ascaris 
megalocephala, at the time, indeed, when the so-called pro- 
nuclei (see below, Part II) still retain a reticular structure and 
are far apart. They appear as two areas in the protoplasm. 
at first near one another, spherical in form, and deeply staining, 

In the centre of this area lies the pole-body surrounded by 
a clear ring (van Beneden now prefers to call it the “ central 
body ”). Later on these move apart towards the poles, and 
from them there start the various streamings (radiating figures) 
which are observed in the egg-protoplasm, and at the position 
of the nucleus during the process of division. The dark part 
of the “ sphére attractive”’ is called the ‘cortical zone,”’ the 
light ring round the “ central body ” is the “ medullary zone.” 

The streaming shows itself (1) as the spindle figure, the 
polar points of which are fixed at the two central bodies; (2) 
as the cone of rays known as the ‘‘ cOne-antipode” (fig. 13), 
which lies in an inverted position with the base towards the 
periphery ; and (3) as the chief ray-figure in the protoplasm, 
the “ star figure” or aster. All these three ray-figures unite 
at the central body ; the “ céne antipode” is part of the aster, 
contrasted with it by its more marked rays; where the anti- 
podal cone touches the surface of the egg a circle is marked 
out—the “ polar circle.” Sometimes this is recognisable as a 
low ridge. A similar ridge circumscribes the star figures on each 
side of the equator, named by van Beneden the “ tropical circle” 
(‘circle subequatorial ”). Between the two tropical circles 
there remains an equatorial zone free from streaming; this 
(bourrelet équatorial) projects slightly. In this zone le the 
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equatorial circle (circumference, boundary) of the spindle 
figure, as well as the chromatic loops during the stages of 
the equatorial plate and metakinesis. I have reproduced van 
Beneden’s figure (fig. 18) which brings more clearly into view 
the points here described. 

Very important is van Beneden’s statement (24) that the 
“ sphéres attractives ” are vestigial structures, which share in 
the successive divisions of the segmenting egg, and at first, 
indeed, precede the division of the nucleus. The division of 
the “ sphére attractive’? commences at the central body, both 
parts of which separate a little; then follows the division 
of the sphere, so that both daughter-spheres naturally lie 
close to one another. Imagine (see fig. 13) the first division 
of the egg-cell to be accomplished in its equator; there will 
then be, in the next division, in each of the two first blasto- 
meres about to divide, the two corresponding daughter-spheres 
placed close to one another in the region of the polar circle. 
The cell-axis of each blastomere now passes from the middle of 
the polar circle between the two new central bodies to opposite 
ends of the cell; this axis then has evidently two dissimilar 
poles, since at the one pole lie one of the polar circles and 
two daughter-spheres with two central bodies, whilst at the 
other end of the axis nothing corresponding to this is found. 
Each blastomere is at this time of its existence uniaxial but 
bilaterally symmetrical, since it can be resolved into equal 
halves by a plane passing along the axis mentioned between 
the two spheres. Hach blastomere must show this bilateral 
symmetry, and van Beneden concludes therefore that all cells 
have a bilaterally symmetrical structure, and he would see 
in this the foundation of the bilateral symmetry of the 
organism. 

On account of the above-mentioned behaviour of the spheres 
during division, an important meaning must be ascribed to 
them (‘f nous sommes donc autorisés,” says van Beneden (24), 
“4 penser que la sphere attractive avec son corpuscule central 
constitue un organe permanent, non seulement pour les 
premiéres blastoméres, mais pour toute cellule; qu’elle con- 
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stitue un organe de la cellule au méme titre que le noyau lui- 
méme: que tout corpuscule central dérive d’un corpuscule 
antérieur: que toute sphére procéde d’une sphére antérieur, 
et que la division de la sphére précéde celle du noyau cellu- 
laire”’). Van Beneden believes that the cause of division does 
not lie in the nucleus; but, on the contrary, in the central 
bodies and the spheres. 

Platner (161) has described very minutely the radiating 
figures in the cell-protoplasm of other objects, viz. in Lepi- 
doptera. He, too, figures the connection of the stars (cytasters) 
which correspond with van Beneden’s “cdne antipode,” with 
the central body and with the spindle figure. He further 
describes arch-shaped rays from the two stars passing through 
the whole protoplasm, and joining one another at the equator. 
I cannot find that he mentions a zone free from rays. 

I now pass on to a point which till lately has scarcely been 
studied ; I mean the behaviour of the nucleoplasm during 
division. We have previously mentioned that, except in 
Protozoa, every trace of the nuclear membrane disappears 
at the time of the formation of the mother-star: we may 
look on this as we will. Nucleoplasm and cell-substance 
thus touch one another directly, and the idea presents itself 
that a mixture of the two takes place, and that in that 
is to be sought the reason for the disappearance of the 
nuclear membrane. In fact, Strasburger particularly em- 
phasizes the penetration of the cell-constituents into the 
nucleus, and derives the spindle figure from these inflowing 
constituents. Carnoy (47) and Schewiakoff (178) regard 
the inflowing as from the cytoplasm towards the nucleus, 
and Carnoy inversely from the karyoplasm to the cell. 
From the figures and descriptions of all authors it is further 
evident that they regard the totality of the nucleus as ending 
with the disappearance of the membrane, and the idea has 
presented itself to most that the nucleus is then represented 
by the spindle figure and chromatic figure. At least, nothing 
of the nucleoplasm and previous boundary is to be seen in 
preparations made in the usual way, and, generally, little con- 
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sideration is given to the nucleoplasm, which yet forms so 
important a constituent of the nucleus. 

When Sattler (177) and myself studied in 1882 the Frog’s 
skin for nuclear division by employment of lunar caustic 
we always obtained only nuclear figures of Remak’s earlier 
scheme, never karyokinetic figures, whereas we were easily able 
to demonstrate the latter in Frog’s skin otherwise treated. 
We sought in vain to obtain chromatic figures in the divi- 
sion by means of silver. We obtained nothing. We ex- 
pressed ourselves, indeed, in the following terms (p. 275) :— 
“Tf one tries to explain the differences of structure as 
shown by silver method and nuclear stains, the only admissible 
supposition appears to be that the other appearance of silver- 
nuclei must be due to the achromatic substance of Flemming, 
which Iwould now call ‘nuclear sap.’ Thisdoes not become evi- 
dent by means of nuclear stains ; at least it is masked in contrast 
to the striking pattern which is presented by the chromatic con- 
stituents of the nucleus during division. Silver always brings 
out the structure of the complete nucleus with its chro- 
matic and achromatic substances, and one sees by the appear- 
ances obtained that the achromatic substance exhibits an ame- 
boid movement during division, but in other respects during 
division behaves itself according to the simpler division- 
scheme. One must therefore deduce from the effect of stains 
and silver that the more fluid achromatic nuclear substance 
always remains around the nuclear fibres, and is not diffused 
in the cell-protoplasm, but shares in the nuclear network ; 
whilst, therefore, the chromatin of the nucleus successively 
passes through the well-known striking changes in position 
and form, the achromatic substance divides in a simpler way, 
since it always forms a sort of envelope for the chromatic 
figure.” 

Recently Pfitzner (157), in his very remarkable work, has 
produced real proofs of this, so that it may be regarded as a 
fact. He succeeded in rendering visible during division 
simultaneously the chromatic thread figure and the rest of the 
constituents of the nucleus, which he now includes, with the 


190 W. WALDEYER. 


exception of the spindle, under the name ‘“ Kerngrundsub- 
stanz,”’ and he now sees pari passu a simple division of the 
‘‘Grundsubstanz,” in the form of a constriction, occurring 
together with the kinetic process in the thread figure. He 
therefore comes to the following conclusion : 

1. The nucleus is at all times a perfectly independent struc- 
ture inside the cell. 

2. Karyokinesis is the expression of a process occurring in 
the celJ-nucleus, in which no morphological constituent of the 
cell takes any active part. 

Moreover, Pfitzner concludes that the configuration of the 
nucleoplasm (Kerngrundsubstanz) always closely agrees with 
the chromatic figure, so that he arrives at the supposition that 
the movement of chromatin is primary. 

This statement is in agreement with the opinion of E. 
Zacharias (209) that the delimitation of the nucleus from the 
cell-protoplasm is always distinct. 

Strasburger, too (190, 194), has asserted that between the 
separating halves of the chromatic figure there always remains 
a substance which divides and that part goes to one and 
part to the other daughter-nucleus; but in opposition to 
Pfitzner, he believes in an incursion of the constituents of 
the cell-protoplasm between the thread constituents of the 
nucleus. Again Tang], in a work carried out in Flemming’s 
laboratory (196 a), has lately speken in favour of such an in- 
termixture of the “ interfilarmasse”’ of the cell-substance with 
the nuclear sap during mitosis, and he endeavours to disprove 
the evidence of the preparations made by Pfitzner’s method. 
In his latest memoir (191) Strasburger takes the same 
view, and confirms his earlier assertions, so that consider- 
able doubt as to the correctness of the opinions put forward 
by Pfitzner, Sattler, and myself have been raised. I cannot 
allow this matter to drop, since, undoubtedly, the repeated dis- 
covery of true mitotic nuclear division in Protozoa is very 
important for the whole question. Here, according to the 
united opinion of all students (Biitschh (48), R. Hertwig (94), 
Pfitzner (156), Gruber (82), and especially Schewiakoff (178), 
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the nuclear membrane remains complete during the whole pro- 
cess and towards the end of it tightens, while all the rest of the 
process goes on essentially in the same way as in the objects 
usually studied. Strasburger (191) is, indeed, of opinion that 
this is possible only when no cell-division follows nuclear divi- 
sion, as is the case in the Protozoa. Yet this remark does not 
apply to the objects studied by Schewiakoff, in which this 
process takes place, and a regular cell-division follows upon it.' 

Schewiakoff comes to the conclusion that the invisibility of 
the nuclear membrane does not warrant the supposition that it 
disappears at a certain time during karyokinesis; he is even 
inclined, with Pfitzner, to hold the contrary view, although it 
cannot be put on a firm basis. I, for my part, lay no stress 
on the persistence of the nuclear membrane, but on the main- 
tenance of the nuclear shape, by which I mean that the more 
fluid constituents of the nucleus retain their independence of 
the cell-body (cf. the above-quoted work of Sattler’s). 

In my first memoir on this subject (vide ‘ Deutsche med. 
Wochenschrift,’ 1886, and ‘Arch. fur Anat. und Physiol.,’ 
Physiologische Abtheilung, edited by E. du Bois-Reymond) I 
have spoken in the following way (in favour) of the view of 
the permanency of the nuclear contour during mitosis :—“ I 
would now, after this discovery, put aside altogether the 
barrier between ‘direct’ and ‘indirect’ nuclear division. 
There is only one form of nuclear division, and that, if we 
exclude the nucleolus, is in accordance with Remak’s scheme, 
whereby the nucleus, and later on the cell, becomes con- 
stricted in a definite plane—the plane of division—into two, 
usually, nearly equal halves. We have only now, thanks to 
improved technique, learnt to recognise that a certain con- 
stituent of the nucleus—the so-called nuclear network—under- 
goes certain special transformations, arranging itself in a 
peculiar way and resolving itself into two halves, but all this 
always within the frame of the complete figure, which divides 
in the old manner. When it is insisted that there are many 
cases in which during nuclear division the chromatic figure 
has not been observed—e. g. leucocytes—our reply is that 
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such cases become daily diminished in number. On this point 
we must refer especially to the beautiful researches of Flemming 
and his pupils (60), who have recently shown karyokinetic 
figures to be the rule in all lymphatic cells. 

“The instances of nuclei with feebly-developed network, in 
which our methods have hitherto not sufficed to show the con- 
tortions of the threads during division, afford no ground for 
distinguishing a direct from an indirect nuclear division— 
the terms themselves are not happily chosen. These cases 
rather tend to show that the old simple form drawn up by 
Remak is the fundamental form in which modifications only 
occur in those cases in which the nucleus contains a distinct 
network with chromatic substance.” 

In the meantime, however, the number of doubtful cases of 
amitotic cell-division has increased, and I am,no longer 
justified in repeating the statement which I made some pages 
later on in the paper just quoted, “‘ We may say that we have to 
search for direct division, and that authenticated examples of it 
are very seldom recorded, and will continually be more seldom 
reported.” For the rest, however, I must hold to the quota- 
tion on the grounds which I will give below. But first, I 
must describe some examples of amitotic and mitotic divisions, 
both of usual and abnormal form. Flemming (58) and Rabl 
(165) still cling to direct (i.e. amitotic) division for some 
leucocytes. Mayzel (Hoyer’s ‘ Festschrift,’ Taf. u, fig. 49) 
failed to find mitosis in the formation of giant-cells in regenerat- 
ing corneal epithelium of the Frog. Statements to the same 
effect have been made by Johow (101) and others for 
plants, especially the Characez. Direct nuclear division was 
found by Frenzel (71) in the intestinal epithelium of Crustacea. 
In insects the same is seen, together with indirect division in 
special gland-cells of the intestinal crypts. Fraisse (70) very 
frequently missed karyokinesis in the regeneration of different 
tissues, and maintained in almost every case the occurrence of 
simple direct division. He is even of opinion that the typical 
nuclear-division figure makes its appearance only when the 
formation of a definite organ is concerned. Mitosis has been 
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declared absent, too, by Overlach (152) in the epithelium of the 
cervix uteri, in spite of active nuclear increase ; and by Nissen 
(145) in the epithelial cells of mammary glands. Berggriin (25) 
found numerous amitotic nuclear divisions in the Tadpole’s tail 
and in the Frog’s cornea after mechanical irritation of the part 
concerned. Carnoy (47) finds direct as well as indirect divi- 
sion in various Arthropodan tissues. Division of an Infusorian 
(Euplotes harpa, Stn.), without the appearance of the mitotic 
figure in the nucleus, is described by K. Mobius (139), although 
we know true mitotic nuclear division in other Protozoa—see 
the examples given above. Especially remarkable are the 
numerous discoveries recently contributed on Spermatogenesis. 
A. Bolles Lee (82, 38) found amitotic division in the first 
generation of sperm-forming cells (Samenbildungszellen), the 
so-called “‘ spermatogonia” of La Valette St. George, whereas 
in the following generations regular mitotic division was 
recognised. Dostojewski showed the same state of things in 
his observations of the sperm-formation in Amphibia, carried 
on in this Anatomical Institute. Similar observations have 
been made by La Valette St. George (121, 122), by Gilson 
(79), by Sabatier (175), and others. Only Platner (161) estab- 
lished mitotic division exclusively in Pulmonata and Lepi- 
doptera ; of course deviations from the normal scheme would 
be expected. 

At the present time nothing precise can be said as to how 
we should explain these differences, or in what way generally 
we should regard the relation of mitotic to amitotic division. 
There is no lack of statements on this point. Thus Pfitzner 
(155) and EK. Zacharias are of opinion that amitotic division 
occurs only in those cells which must be regarded as gradually 
undergoing degeneration. The observations of Boveri (35), 
given in detail below, appear to be of the greatest interest in 
this respect. He finds that amongst the segmentation spheres 
of Ascaris megalocephala there is always a limited 
number which during division exhibit chromatin loops dis- 
tinctly, whilst in the majority of the segmentation spheres 
these loops are not easily visible, and the chromatin appears 
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only in the form of numerous granules during division. Boveri 
is of opinion that the cells with distinct mitosis are the ancestors 
(“ Anlage”’) of the genital cells. 

As a set off to these observations of direct division we have 
very numerous and constantly increasing observations on the 
mitotic process of division. 

For normal karyokinesis the well-known works of Stras- 
burger (190, 191, 193) and Flemming (58—-60) -supply the 
greatest number of examples. In addition to the numerous 
cases there enumerated, I must mention amongst the recent 
literature the following :—Karyokinesis during the growth and 
regeneration of smooth-muscle fibre (Pfitzner and H. 
Stilling in ‘ Archiv f. mikr. Anat.,’ Bd. xxviii, p. 396), Cattani 
(‘ Gazzetta degli ospitali,” 1885), Paladino (‘ Riforma medica,’ 
1886), Busachi (‘ Estratto giornale della R. Acad. di Medic. di 
Torino, 1886, Nos.3 and 4). Karoykinesisin striated muscu- 
lar fibre (Nikolaides, ‘ Arch. fiir Anat. und Physiol,’ Physiol. 
Abtheil., herausgeg. van E. du Bois-Reymond, 1888, p. 441). 
In tooth-forming tissue (Canalis, ‘ Anatom. Anzeiger,’ 1886, 
No. 7). In liver-cells (Podwyssotzki, in Zeigler and Man- 
werck, ‘ Beitriige zur path. Anat. und Physiol., Bd. i, and 
Canalis, ‘ International Monatsber. f. Anat. und Histol.,’ Bd. 
ili, p. 205). As in the animal kingdom, so in the vegetable 
kingdom, every embryological and histological memoir brings 
forward new instances of mitosis. 

In pathological cell-multiplication, also, the mitotic form 
comes into the foreground. Especially J. Arnold, in his work 
on the process of division in marrow-cells (Virchow’s ‘ Archiv,’ 
Bd. xevii, 1884), gives an excellent list of the memoirs dealing 
with the process which have hitherto been published. We 
find this considerably increased in one of the later publications 
of the same author (“Ueber Theilungsvorginge an dem 
Wanderzellen ihre progressiven und regressiven Metamor- 
phosen,” ‘ Arch. f. mikr. Anat.,’ Bd. xxx, p. 205, 1887), and 
continued up till to-day in Schottliinder’s work (181a) from 
J. Arnold’s laboratory. Again, Unna (‘Neuere Arbeiten 
iiber Kern- und Zelltheilung,” ‘ Monatsber. fiir prakt. Derma- 
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tologie,’ 1884, iii, No. 1) describes the occurrence of karyo- 
kinesis in pathological processes of cell-formation. 

This is the place to speak of the peculiar, and in many 
respects abnormal, form of karyokinesis which is met with in 
wandering cells, and in the so-called giant-cells of the marrow. 
The wandering cells and all their kin, which we will include in 
the name “lymphoid cells,’ appeared for a long time not to 
undergo karyokinesis. Thanks chiefly to the careful researches 
of Flemming (1. c.) and his pupils, we have to look upon this 
important and peculiar group of cells as behaving, in this 
respect, in the same way as other cells. Nevertheless in these 
cells direct nuclear division is always frequent, and the want 
of perfect agreement among writers on the subject leads to 
the supposition that there are a number of different forms or 
subforms of lymphoid cells, which may behave very differ- 
ently in regard to the phenomena of division. 

We know, as examples of lymphoid cells, the wandering 
cells in connective tissue, colourless blood-corpuscles, 
of which again various subforms must be distinguished (cf. the 
work of Ehrlich and his pupil Einhorn, especially the dis- 
sertations of the latter, ‘ Ueber das Verhalten der Lymphocyten 
zu den weissen Blutk6rperchen,’ Berlin, 1884), viz. the round- 
cells of lymphatic glands and the spleen, the thy mus-cells as 
they develop post-embryonically in this at first epithelium-lined 
organ, and the marrow-cells. It is by no means quite clear 
how all these various forms of cells are related to one another. 
Lowit (127) and J. Arnold (4) especially point out that the 
nature of the lymphoid cells, in which mitosis has been studied, 
has not been established with that certainty which is desirable. 
It is possible, for instance, that in the colourless cells observed 
in the blood undergoing mitotic division, one is dealing, not 
with true wandering cells, but with the early stages of red 
blood-corpuscles, or with loosened endothelial cells engaged 
in mitosis. It is certain that mitosis has been observed in 
the colourless cells circulating in the blood, by J. Arnold (4), 
Peremeschko, Flemming, Lavdowsky (1238), Bizzozeri, Kults- 
chitzky, by the latter in the new-born dog (‘ Centralbt. f. d. 
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med. Wissenschaft, 1885, 5th Jan., and ‘ Arch. Slaves de 
Biologie,’ t. iv, fasc. 2, p. 230); further, in similarly shaped 
cells in the marrow (Flemming, Werner, Lowit, Denys, 
Geelmuyden, Cornil, and J. Arnold, by the last of whom the 
list of authors, here quoted, is given. Without any doubt 
mitosis has been observed also in cells of lymphatic glands 
(Flemming, J. Arnold). Flemming (60), as was pointed out 
at the beginning of this section, is of opinion that the pheno- 
menon was observed in true lymphoid cells, whereas Baum- 
garten (16) believes that the mitosis was seen only in the 
fixed, so-called stroma-cells of the lymph-glands. 

J. Arnold, in his frequently quoted work (4), comes to the 
conclusion that the wandering cells, colourless blood-corpuscles, 
lymph-cells, and the corresponding form of cells in the marrow, 
the spleen, and the lymphatic glands, are able to multiply 
according to the type of mitosis, but that absolute proof of it 
has not been brought forward ; at any rate, it may be doubted 
whether these cells divide only mitotically. Herein he 
agrees with Liéwit. In such cells as connective-tissue cells, 
especially in the cells of new formations, and the so-called 
giant-cells of the marrow, all kinds of deviations from normal 
karyokinesis have been recorded. Thus, frequently tri- or 
multi-polar figures have been met with, e.g. in pathological — 
new formations by J. Arnold and Martin (182). Rabl (165) 
also describes such a figure in a hematoblast in the spleen of 
Proteus. Mayzel (184) traced the mitotic division of a 
connective-tissue cell of a living Axolotl into four pieces. 
Denys (53) figures multifold mitosis in giant-cells, and Cornil 
(49) in sarcoma and carcinoma. Similar tri-polar nuclear 
spindles have been observed in plants. Unequal daughter- 
stars are mentioned by Rabl. J. Arnold has seen forms very 
different from the normal in marrow and spleen. Arnold, on 
the ground of his discovery, would adduce a new arrangement 
of the forms of nuclear division, and would distinguish : 

1. Segmentation, with two subgroups, the direct and the 
indirect. 

2, Fragmentation, also direct and indirect. 
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Division of the nucleus takes place in the way which we 
have so far been describing, or as it is carried out in the seg- 
mentation of the egg, i.e. the nucleus divides either in an 
equatorial plane or in the meridian (segmental plane), and the 
products of division which are usually exactly equal separate 
with an even surface; this is ‘‘ segmentation.” This is “in- 
direct ” if it is accompanied by karyokinetic appearances, 
otherwise it is“ direct.” In -‘ fragmentation” (which word 
was originally applied by EH. van Beneden to ordinary direct 
division, and by Strasburger was used for “nuclear disinte- 
gration”), the surface of separation of the daughter nuclei 
is quite uneven; portions are nipped off from the outside 
with irregular surface of separation, or may separate on the 
inside, and remain connected for a long time, by a bridge, 
with the mother-nucleus. In this case the portions into 
which the nucleus divides are not necessarily unequal in size, 
although they usually are. Here also karyokinetic appear- 
ances may be present (‘indirect fragmentation”), or absent 
(“direct fragmentation”). When karyokinetic figures are 
found in fragmentation, they show themselves by an increase of 
chromatic substance, and by the appearance of chromatic loops 
and of granules in greater distinction and number; in all 
instances there is, however, in the case of “ fragmentation ” 
no indication of an equatorial arrangement, and in this consists 
the essential difference between fragmentation and segmenta- 
tion. Further differences are shown in the more varying and 
irregular form of the chromosomes, which may appear as 
granules, threads, or bands. Arnold frequently found a band- 
like form of chromosome in the spleen. Again, the disposition 
of the chromosomes is irregular, not infrequently the polar 
arrangement is absent. Arnold leaves it undecided whether 
the typical longitudinal splitting always takes place. The 
nuclear membrane remains for a long time, and even in the 
earliest phases constrictions of the nucleus are observed. 

As can be seen, fragmentation amounts essentially to a 
process of budding, as Arnold’s drawings show. That this 
abnormal form of division, which results in a process of 
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budding, is especially frequent in pathological new formations, 
has already been repeatedly insisted upon by Virchow, e.g. 
1857, in ‘ Arch. fur path. Anatom,’ Bd. xi, p. 89, and especially 
in his article on stimulation and irritability (“ Reizung und 
Reizbarkeit ”), ibid., Bd. xiv, 1858, but this was undoubtedly 
without any knowledge of karyokinetic phenomena. Indirect and 
direct fragmentation are, according to J. Arnold, the forms of 
division most frequently met with in lymphoid cells, as well 
as in giant-cells. The giant-cells exhibit it both in the normal 
occurrence in marrow, as well as in their artificial culture after 
insertion of pieces of elder-pith into a lymphatic or into a 
serous body-cavity, as was done first (in connection with 
culture of giant-cells) by Bernhard Heidenhain (87) at my 
suggestion, and as has recently been carried out by Arnold in a 
very successful way. With regard to the giant-cells of marrow, 
Arnold’s views have received contradiction from Denys, Cornil 
(49), and Fitterer (74). Denys (54) was unable to recognise 
the so-called “indirect fragmentation” of Arnold, i.e. frag- 
mentation accompanied by mitotic phenomena. He finds 
either only a “ direct division ” (without either an increase or 
a change of chromatin) or a true mitosis (Arnold’s “ indirect 
segmentation ””) in which the nucleus, after the appearance of 
regular V-shaped chromatin loops, their longitudinal splitting, 
daughter-wreath, &c., divides into a large number of equal- 
sized daughter-nuclei, with corresponding segmentation of the 
cell. Denys was also unable to recognise the aberrant form 
described by Cornil. From the latter’s figures of “ direct divi- 
sion,” we are reminded of a process of budding (Sprossungs- 
Vorgang), and I do not see why we should not retain this very 
descriptive and familiar name. 

I have now to take up the question as to the rela- 
tion of direct to indirect nuclear division. Are there, 
in fact, two different modes of division which have no 
intermediate stage, or is there only one fundamental form of 
nuclear division, which, like nearly all complicated organic 
processes, varies greatly under different circumstances, so that all 
the different changes represent only links ina chain, which can 
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all be derived from one fundamental form, or one from another ? 
The regular, simple amitotic division would in the latter case 
be the first, and regular mitosis the final member of the series. 

I must confess, as previously remarked, that even after 
Tangl’s and Strasburger’s objections, I cannot rid myself of 
the idea that nuclear division is a single process, with Remak’s 
simple amitotic division as the fundamental form. The affir- 
mative preparations of Pfitzner-and Sattler are on my side, and 
even if an intermixture of nucleoplasm (Kernsaft) and cell- 
protoplasm takes place, the existence of the nucleus does not 
thereby become restricted to its chromatic constituents alone. 
On the other hand, we find, immediately after the reconstruction 
of the daughter-nuclei, the achromatic uniting with the chro- 
matic constituents. Add to this the varied subforms, e.g. in 
Spirogyra, where the nuclear membrane disappears only after 
the formation of the spindle figure. Flemming, too, contributes 
similar observations, which he directs against the doctrine of 
the derivation of the spindle figure from the cell-proto- 
plasm, as has been mentioned above. The recognised cases in 
various Protozoa of mitosis with retention of the nuclear mem- 
brane belong here. Arnold’s observations, too, on mitotic 
segmentation and fragmentation must be here mentioned. 
Arnold himself (in a short publication) recognises subforms in 
mitotic fragmentation. I would interpret the facts in such a 
way that we have to regard as the fundamental form the simple 
amitotic division which is now proved for many cases; it 
always takes place where the nucleus either is poor in chro- 
matin, or when it does not matter about strict bipartition of 
the chromatic material. Should the latter be required, then we 
shall find mitosis, since it is the most direct, most certain, 
and most simple manner in which an exact bipartition of 
chromatic substance is brought about. This may well be 
considered as the aim of karyokinesis.' 

As to this aim, see further below in the theoretical considera- 
tion of mitosis. 


1 See the repeatedly quoted memoirs of Carnoy, ‘La cellule,’ I, “ Arthro- 
poda,” p. 395. ‘ Rapports entre les deux modes de division,’ 
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Before I pass on to these considerations, some other abnormal 
forms of karyokinesis must be reviewed, and certain pecu- 
liarities brought together, which without a great digression 
could not well have been included within the compass of the 
previous descriptions. The process of cell-division must also 
have due consideration. 

Sanfelice (176) describes a peculiar case of mitosis during 
spermatogenesis. An achromatic spindle is formed, at the two 
poles of which the chromatin is accumulated ; then the latter 
separates from each pole in the form of a spherical body, and 
rests freely in the body of the cell; then division of the spindle 
takes place, and the reunion of each chromatic sphere with one 
half of the spindle follows ; then the division of the cell occurs. 

As to the important question about the cause of the 
movement of the chromatic loops from the equator to the 
poles (metakinesis), it should here be mentioned that E. van 
Beneden (28, 24) compares the thread structure of protoplasm 
with the fibrillar structure of muscular tissue. He considers 
the achromatic threads of the spindle figure as contractile, 
especially as he saw the small granules which compose them 
approach one another and then separate. He is of opinion 
that the threads of the spindle figure stand in connection with 
the pole bodies on the one hand, and with the chromatic 
threads on the other, so that the latter, by the contraction of 
the spindle-threads, will be drawn towards the poles. This 
opinion is also held by Boveri (34). E. van Beneden, especially, 
goes very closely into the structure of the protoplasm and 
nucleus in his often quoted memoir. Platner (161) holds similar 
views. I cite these views with especial reference to a question 
which is again giving rise to discussion, viz. what is the true 
element of the organism—is it the cell or the nucleus, or is it 
the most minute parts which were first named ‘‘ microsomes” 
by Hanstein (86), (Mikrozymas, of Béchamp) and “ granula” 
by Altmann (2) ? 

We find in Carnoy’s works (46—48) no small divergencies 
from the hitherto described mode of karyokinesis. He was 
certainly the first to maintain that the longitudinal splitting 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 201 


of the threads occurs not infrequently in daughter-nuclei. 
EK. van Beneden had suggested it as very probable, since in 
fact he found the number of threads greater in them than it 
would be after a single longitudinal splitting. Flemming now 
corroborates this statement, but as to its significance Carnoy 
and Flemming differ considerably from one another, as I shall 
shortly show. Itis further important that Carnoy has observed 
a true “ cell-plate,” in Strasburger’s sense, in the formation of 
the so-called directive corpuscles. It follows, therefore, that 
the formation of the directive corpuscles is to be regarded as a 
true cell-division. Boveri comes to the same conclusion. 

The chief results of Carnoy’s observations, which would 
certainly find a larger circle of readers if they were pub- 
lished more briefly, and in a more widely-read journal, lie 
herein, that he enters a protest against the regularity of the 
so-called karyokinetic law laid down by Flemming (58). The 
karyokinetic process presents so many abnormalities that it is 
as yet impossible to lay down any sound general rule. At all 
events, none of the various phases present in karyokinesis 
appear essential; any may be omitted or may be changed. 
Carnoy repeats, in his last publication, ‘ La Cellule,’ t. iii, 
p- 311, the saying, “ Tous les phénoménes caryocynétiques sont 
variables: aucun d’eux ne pardait essentiel.” 

It is difficult to admit this in regard to that most important 
phenomenon of karyokinesis, the longitudinal splitting, and the 
equal distribution of the sister-threads to the two poles, wherein 
the whole reason of karyokinesis appears to lie, for only in this 
way can the equal distribution of the chromatic substance to 
the two daughter-nuclei be considered as perfectly assured. 
This might also be possible by a symmetrical transverse 
division of the stronger threads at the equator, if it resulted in 
equal-sized portions ; but this is difficult to establish by ob- 
servation. Carnoy, in fact, admits this as a form of karyoki- 
nesis, e.g. in Astacus, Forficula, and Scolopendra (‘La 
Cellule,’ 1885, t. i, fase. 11, p. 334). In many cases, according 
to him, the chromatic segments arrange themselves without 
a previous longitudinal splitting in the axis of the spindle 
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figure, as long rods (Tonnenform, couronne a batonets of 
Carnoy), then follows the transverse division of these rods at 
the equator, and the separation of the two halves towards the 
daughter-poles. This is quite at variance with all previous 
conclusions. According to this statement the chromatic figure 
behaves just like the spindle figure. 

According to Carnoy, too, a karyokinetic arrangement of 
chromatic threads at the two poles can occur without any lon- 
gitudinal or equatorial transverse splitting, e.g. loc. cit., pl. v, 
fig. 178, in Clubiona (an Arachnid). A. Bolles Lee (32) has 
lately made the same statement for karyokinesis in the sper- 
matogenesis of the Chetognatha. No longitudinal splitting 
of the equatorial chromatic elements (chromosomes) was seen 
in Forficula by La Valette St. George; on the contrary, his 
figures show a transverse division (see Festschrift fiir A. v. 
Kolliker, Taf. i, figs. 35, 36, &c.). Prenant lhkewise makes 
similar statements. In all such processes equal distribution of 
the chromatic substance would be uncertain. 

As we have already mentioned, Carnoy found that the 
longitudinal splitting, which he in nowise denies, may even 
occur during the stage of the formation of the daughter-nuclei. 
If this is true (Ascaris megalocephala, acccording to 
Carnoy), longitudinal splitting is of only a very subordinate 
value. Flemming (68) has recently taken up a determined 
position against this reduction of longitudinal splitting to a phe- 
nomenon of subordinate significance. He found in the sperma- 
togenesis of Salamander an abnormal form, which appears 
at first sight to confirm Carnoy’s assertion. But here longi- 
tudinal splitting of the threads occurs, at the commencement 
of karyokinesis, in the so-called spirem stage (see my previous 
figure). The two sister-threads remain connected so as to form 
an elongated ellipsoid, stretch themselves, and all the ellipsoids, 
greatly elongated, now arrange themselves ina “ barrel figure” 
(couronne a batonets of Carnoy) around the equator of the 
spindle figure. The chromatic elements (Faden, chromo- 
somes) are, however, not simple primary rods, but ellipsoid 
rings, greatly drawn out, each of which consists of two sister- 
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threads, arising by longitudinal division, but remaining con- 
nected at their ends, and already clearly formed at an earlier 
stage. Compare with this van Beneden’s statement (ante). 
When now transverse division takes place at the equator there 
is no difference from Flemming’s principle of karyokinesis ; and 
the longitudinal splitting described by Carnoy may take place in 
the Dyaster stage without prejudice to this principle, as van 
Beneden and Flemming show.- This, therefore, is not the pri- 
mary process, so significant for karyokinesis, but another and a 
secondary one, which perhaps has no general significance, since 
it has hitherto been observed only in a few cells (sexual cells). 
(Compare Weismann, ‘ Directive Corpuscles,’ p. 39, et seq.) 

In another deviation, which Flemming describes as the 
“homootypic Form” (that is to say, ‘‘a form more 
like the usual one than the oné just described, which he names 
‘heterotypic’”), it would appear as if Carnoy were correct 
in hisassertion, that longitudinal splitting may be entirely absent. 
Even here, however, longitudinal splitting occurs in the spirem 
stage ; the sister-threads quickly separate completely from one 
another, become short and thick, so that they resemble the 
primary threads (chromosomes), and might easily be mistaken 
for them. In this case no regular monaster is formed at the 
equator, but simultaneously with their formation some of the 
threads move towards the poles. The commencement of 
metakinesis coincides with the monaster form. Now, here in 
the formation of the daughter-nuclei, if one had not noticed 
the longitudinal splitting in the spirem stage, one might well 
suppose that a karyokinesis occurred without longitudinal 
splitting. Flemming is certainly right when he suggests, with 
that calmness and objectivity usual with him—which distin- 
guishes all his works so favorably—that Carnoy has overlooked 
in his abnormal discovery the first longitudinal splitting. 
On the other hand, one cannot blame Carnoy if he does not 
admit this without more ado, but protests with vehemence, and 
claims that anyone who wishes to confute him must investigate 
the same objects which he did. Till this happens the dis- 
pute will not be ended. Indeed, I ought to add that suitable 
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objects should be chosen. It would be a good thing were 
scientific meetings, especially those of the recently founded 
German Anatomical Society, more utilised than hitherto for 
bringing to an end such differences, by an exhibition of the pre- 
parations concerned. I note, in opposition to Carnoy’s idea, 
that Strasburger, in his latest memoir (191), agrees with 
Flemming in regarding longitudinal splitting of the mother- 
segments (chromosomes) and the separation of the threads 
arising from such splitting into two daughter-nuclei, as a general 
process, at least in the higher animals and plants, and as the 
highest point of mitotic nuclear division (loe. cit., p. 185). 

Platner (161) indeed, like Carnoy, sometimes found in Lepi- 
doptera a quite irregular separation of chromatin bodies with- 
out a previous formation of an equatorial plate, and without 
longitudinal division. Yet he will not decide whether this 
process must be regarded as normal or as au indication of 
degeneration of the cells concerned. 

At all events we see that, in the present state of the case, 
most authors look upon Flemming’s longitudinal splitting as the 
essential phenomenon of karyokinesis, and, as I believe I can 
say from my own researches, rightly. 

Abnormal conditions are also briefly described by Oskar 
Schultze (183) in confirmation of the earlier work of Bellonci 
(16 d) in the segmentation of Axolotl. Here the thread-skein 
is not brought about by a direct transformation of the threads 
of the network, but by the appearance of small chromatin bodies 
(Pfitzner’s “ Kornchen,” O. Schultze) in the nuclear membrane, 
within which in this object the skein wholly lies ; these later 
on unite and arrange themselves in a series of loops. . 

We have already mentioned that the nucleus, as well as the 
spindle figure arising from it, undergoes a change of position 
during the course of karyokinesis. This is especially distinct in 
the formation of the directive corpuscles (see Part II). The con- 
sideration of these things becomes very important in the study 
of egg segmentation. In reference to the influences coming into 
question here, Pfliiger has alluded to the action of gravity, whilst 
O. Hertwig, in his memoir—“ Welchen Einfluss iibt die Schwer- 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 205 


kraft auf die Theilung der Zellen?” Jena, 1884—rejects this, 
and suggests that the nucleus always endeavours to take 
up that position in the cell which corresponds to the centre 
of its sphere of action. Ina perfectly spherical protoplasmic 
egg-cell this will be the centre; ina meroblastic egg, where 
the protoplasm, representing the sphere of action of the 
nucleus, rests like a cap on the yolk, it will lie in the geometric 
centre of this cap, and must extend itself in the spindle figure 
in the longitudinal direction of the protoplasm. Now since 
the division of the nucleus always takes place at right angles 
to the axis of the nuclear spindle, the position of the nucleus 
will determine, according to Hertwig’s law, the direction of 
the division-plane in segmentation. Oskar Schultze (182, 183) 
has endeavoured to explain the peculiar position of the spindle 
figure during the formation of the directive corpuscles. I here 
refer the reader to his interesting description. 

Finally, the re-establishment of the nucleoli in the daughter- 
nuclei, as well as the actual division of the cell, must be men- 
tioned. As regards the former point, Strasburger (191) saw in 
the chromatic threads of the daughter-nuclei, and lying close to 
them, a number of small bodies make their appearance, which 
later on fuse together to form one or two larger nucleoli (S piro- 
gyra). Meunier (186), in agreement with his previously pub- 
lished discovery, states that all the chromatin (nuclein) of 
the daughter-nucleus unites to form a nucleolus, which has a 
special membrane. I omit other accounts, only very scattered 
and poor, which exist in the literature as to nucleoli and their 
formation in karyokinesis, since they are not sufficient for us to 
form even an approximately definite opinion on the subject. 

I mentioned above that cell-division usually occurs in the 
phase of the formation of the daughter-skein. As for the details 
about the phenomenon of cell-division, it may here be briefly 
stated that in animal cells, according to Flemming’s description 
(58), a constriction of the cell-protoplasm occurs at the level of 
the equator of the spindle figure. At this time, as Rabl (165) has 
especially pointed out, the protoplasm distinctly exhibits two 
zones, an outer darker and an inner lighter one (see fig. 12). 
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The inner zone surrounds the nucleus, i.e. the daughter- 
nucleus, without a sharp outline. The constriction begins 
usually on one side, and, corresponding to it, a more highly 
refractive substance is perceptible, which persists during the 
subsequent separation, and stains more deeply with heematoxylin 
(see fig. 12). The process of division of the cell-substance must, 
as Rabl remarks, go on comparatively rapidly, since it com- 
mences with the daughter-skein stage, and is already finished 
before the resting stage of the daughter-nucleus is reached. 

I have already pointed out, in describing the spindle figure, 
that in plant-cells separate knot-like thickenings occur on the 
threads at the equator. Moreover, the number of spindle- 
threads increases, and as the thickenings become crowded 
together, and extend outwards to the surface of the cell, there 
arises what Strasburger calls a “ cell-plate,”’ which later repre- 
sents the “partition wall” between the two daughter-cells. 
Since, as already stated, such a wall is absent in animal cells, 
we do not find any formation of a cell-plate, or, at the most, 
only a trace of it, of which an account has already been given. 
Herein, therefore, is a difference between the issue of the pro- 
cess of cell-division in animals and plants. I repeat here, as 
said on p. 201, that, according to Carnoy’s observation, during 
the formation of the directive corpuscles of Ascaris megalo- 
cephala a distinct cell-plate makes its appearance in the 
position of the above-described thickenings. In preparations 
which van Gehuchten showed me I was able to satisfy myself 
on this point. 

Attempts to approach the striking phenomenon of karyo- 
kinesis from the theoretical side are, of course, not wanting. 
Excluding the writings of Biitschli (43), Fol (67), and Mark 
(181), who deal, on a broad basis, with the problem of 
cell-division and the physical forces to be taken into account 
the works of Roux (174), Pfitzner (153, 154), Carnoy (47), 
and Platner (161) must be mentioned. It can hardly be 
maintained that the theories suggested are good ones. It 
is always dangerous to theorise when the facts themselves are 
insufficient. Recent publications have shown that much is 
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still to be done in the investigation of matters of fact, and as 
we know next to nothing as to the origin of the nuclear spindle 
and polar rays (polar streaming), about their fate, about the 
nuclear membrane, about the behaviour of nucleoplasm, about 
the chemical and physical constitution of the chromatic and 
achromatic substances, and as it is still an unsettled controversy 
between the foremost authorities on the subject, Flemming 
and Strasburger, as to how far the cell-body shares in karyo- 
kinesis—since even the equatorial longitudinal splitting as a 
typical phenomenon is disputed, we are not yet in a position to 
formulate any well-founded theory about karyokinesis. Yet I 
must oppose those who, like Brass (38, 39), Fraisse (69), and 
Fol (68), would deny to the chromatic nuclear figure any 
essential significance. Brass maintains that the chromatic 
substance is simply nutritive material for the rest of the 
nucleus and cell, which is stored up in the nuclear network in 
order to be utilised for the life and maturation of the cell and 
nucleus. To the clear plasma of the nucleus (Kernsaft) he 
ascribes the most important active réle in all the phenomena 
of life of the cell and nucleus, especially during division. The 
chromatic substances he regards as passive masses; they are 
attracted by the two nuclear poles, and follow the movements 
of the nucleoplasm. Certainly it would be an exaggera- 
tion to regard the chromatic figure as the chief thing in 
nuclear division, and to place the motive power in the substance 
composing it. At the same time we must guard against the 
error of denying to them their proper significance in nuclear 
division. The facts brought forward, on which Brass depends, 
do not in the least warrant his assumption. His statement 
‘that in starved cells the chromatic nuclear figure is absent, or 
if present is imperfect, does not appear to be universally true, 
inasmuch as Rabl (165) found in a salamander, which had re- 
mained for five months without nourishment, abundant chro- 
matic substance in the division figure. If it is true, as Rabl says, 
that a ground-plan of the chromatin-containing thread, with 
polar and antipolar areas, persists even in a perfectly resting 
nucleus, it is difficult to regard it as quite meaningless, and to 
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ascribe to the nucleoplasm alone the active réle. The remarkable 
behaviour of the chromatic elements during fertilization must 
especially be referred to: but about these we shall speak in 
greater detail below. 

Many things distinctly point to our regarding the poles of 
the spindle figure, as well as the attraction spheres of van 
Beneden (Richtungsonnen of Kultschitzky) as very significant 
points, we would prefer to say “centres,” for karyokinetic 
phenomena: nearly all who have dealt with the subject have 
acknowledged this. But I would give a caution against 
lulling ourselves into the delusion that all the essentials 
are known, and that we can now, from this point of view, 
include the whole of the phenomena in a theory, and account 
for them uniformly. The very different views held by 
authors who all acknowledge the pole as full of signifi- 
cance, show that at present this is still impossible. With 
Flemming and Rabl I think that the time has not yet come 
when we can formulate a satisfactory theoretical conception 
of karyokinesis. 

There is one point referred to by Rabl (165) which I must 
not leave unmentioned, and I connect with it a circumstance 
already emphasised. If it is true, as Rabl states, that even in 
the resting nucleus the main threads are present in typical 
form (see figs. 2, 8, 4, 12), then we must acknowledge that 
the total change of form of the karyokinetic figure may be 
simply a question of dividing the thread-substance between the 
two new cells with rapidity and strict equality. One can 
scarcely imagine a simpler solution of this problem than the 
method used by nature in karyokinesis, viz. the appearance of 
polar and antipolar areas in the resting nucleus, the typically- 
arranged chief threads drawing in their constituents emitted in 
the form of processes, and nucleoli; then their arrangement 
in a very regular figure, gathering themselves in the middle 
(division-plane) of the nucleus (mother-nucleus) : each (mother) 
thread or chromosome dividing along itself into two daughter- 
threads; the two daughter-threads arising from one mother- 
thread simply separating from one another towards opposite 
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poles of the nucleus, in order to return to rest again with the 
typical fundamental figure.' 

At present we cannot give an explanation of the variety of 
form of karyokinetic figures: at least it is purely hypothetical, 
when Carnoy (loc. cit., p. 402) suggests as the aim of karyo- 
kinesis, that it leads to the restoration of the dicentricity of 
the cell, that it renders possible a complete regeneration of nu- 
clear constituents, and imports into the cell-protoplasm new 
plastin elements. It is still difficult to understand polar star- 
formation and the spindle figure: the attention of future 
workers will have to be concentrated particularly on these. 

That the nuclear membrane disappears seems quite intel- 
ligible, when we consider that such an envelope would be a 
decided hindrance to a division of the totality of the nucleus. 
This, too, is a point which requires further explanation, espe- 
cially as we do not yet even know correctly what happens to 
the nuclear membrane. 

It is clear from what has just been said that the theoretical 
appreciation of karyokinetic phenomena is still in an unsatis- 
factory position, and that no particular significance can be 
assigned to its details. On the other hand, they seem to have 
significance in relation to some other facts, as has been already 
pointed out,—I mean in all questions dealing with the 
phenomena of proliferating new formations (Neubil- 
dungen) and regeneration in plants and animals. 
Formerly, if we wished to ascertain what cellular element was 
concerned in such a process, from what particular point and 
what special cells, for example, the normal growth or rege- 


1 For plant-cells, Strasburger in his latest memoir (191) lays it down as a 
general occurrence that the chromatic loops consist of thick tub-shaped 
“chromatin-scheiben,” regularly alternating with thin ‘‘ linin-scheiben.” 
During the process of karyokinesis, as in a passage from a resting to a 
kinetic form, the chromatin granules are seen to gradually approach and fuse 
to form the “‘ scheiben;’’ thereby the mass of chromatin is increased, whilst 
that of the connecting linin decreases. The reverse takes place in the forma- 
tion of daughter-nuclei. Strasburger is of opinion that this regular storage of 
chromatin, preceding the longitudinal splitting of the threads, is a contrivance 
for the closest possible halving of it in division. 
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neration of a tissue proceeded, one could only address oneself 
to the discovery of constricted cells and nuclei, or of bi- and 
multi-nucleated cells. The conclusions from such a discovery 
were, however, in many cases of a doubtful nature, especially 
as the question would be raised, whether generally bi- or multi- 
nucleate cells can give proof of cell-division taking place. By 
means of karyokinesis we have obtained a good basis for . 
conclusive judgment about these important matters: and 
since the karyokinetic phenomena take place so obviously 
and definitely, the research is considerably facilitated. The 
above-mentioned works of Flemming (60), and A. Kollmann 
(110), the works of Kolliker (107), Altmann (1), Merk (135), 
Podwyssotzki (162), Bizzozero and Vassale (29), Rauber (168), 
and others, the researches carried on in my laboratory by 
Koganei (109), Uskow (198), Simanowsky (187), Beltzow (17), 
and Biondi (26), show how karyokinesis may be fruitfully 
utilised in this direction. I must here especially refer to the 
researches on the origin and growth of neoplasms, and the 
cellular products of inflammation, upon which we have already 
memoirs from Homén, Klemensiewicz, Eberth, Mayzel, J. 
Arnold, Ostry, Unna, Beltzow, Simanowsky and others (see 
the Bibliography given by J. Arnold (4) and Schottlander 
(181a). 

Notwithstanding the short time during which we have known 
something of karyokinesis, we are already, according to the old 
German custom, which other scientific nations are beginning 
to imitate, familiar with a goodly store of different nomencla- 
tures. Ofthese I must here briefly explain the most common so 
far as they have not already been mentioned. If one is speaking 
of the whole body of a cell (without the nucleus) one uses the 
term “cell-substance” (Zellleib, Zellkorper, Zellsubstanz). In 
this two chief constituents are to be distinguished, which were 
called by Kupffer by the name of “protoplasma” and “para- 
plasma.” By the first he meant the more solid mass of the cell- 
substance, the arrangement of which in threads, whether with or 
without anetwork, has recently been recognised, thanks to the 
researches of Heitzmann, Fromman (73), Kupffer, Flemming, 
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Leydig (126), and others. Flemming has proposed for it the 
terms “ Filarmasse”’ or “ Mitom,’”’ Hanstein and Strasburger 
would speak of it as “ Cytohyaloplasma,” and Leydig as ‘‘ Sub- 
stantia opaca.”’ 

Kupffer’s “ paraplasma ”’ comprises the more fluid substance 
of the cell-body, which fills up the spaces between the network 
of the protoplasm (Mitom); its synonyms are “ Interfilarmasse,”’ 
or ‘‘ Paramitom ” (Flemming), ‘‘Substantia hyalina” (Leydig), 
“Cytochylema” (Strasburger). The last, however, distin- 
guishes in cytochylema two different constituents, ‘ plasmo- 
chym” and “cytochym,” since he understands by ‘ plasmo- 
chym” the thick fluid albuminous substance of the cell-body, 
and by “‘ cytochym ”’ the more watery sap, which is present in 
the so-called vacuoles of plant-cells. 

We have already mentioned the usual names for the consti- 
tuents of the nucleus. In reference to Strasburger’s nomen- 
clature it must be added that he calls the nuclear network 
(Geriist) by the name of “ Kernprotoplasma,” or ‘ Nucleo- 
plasma.”’ It consists of a hyaline ground substance, ‘ nucleo- 
hyaloplasma,” with the Balbiani-Pfitzner chromatin spherules 
embedded in it, which, as mentioned above, are called by 
Strasburger “Nucleo-mikrosomes.” To the nuclear sap (Kern- 
saft) which fills the spaces in the Nucleohyaloplasm he gives 
the name ‘ Nucleochylema.” When, as is often the case, 
mikrosomes are present in the thread-network of cyto- 
hyaloplasm, these would be named “ cyto-mikrosomes.” 

With reference to the name “ Mitom,” Flemming has pro- 
posed the name ‘‘ Karyomitosis ” for Schleicher’s term “ Karyo- 
kinesis,” as we mentioned at the beginning. By the name 
“ Kernspindel” Flemming and Pfitzner mean the achromatic 
spindle figure, which Strasburger in his recent work (191) 
adopts. The ‘ Kernplatte”’ is Strasburger’s name for the 
mother-star arrangement of chromatic threads (vy. fig. 7). 
Strasburger prefers to use the name “ Kernplatte” instead of 
Flemming’s ‘‘ Monaster ” or “ Mutterstern”’ (mother-star), for 
the condition seen in plants, since there is frequently no dis- 
tinct star arrangement, but in the middle of the so-called star 
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(aster), closely-packed loops appear, so that when seen from 
the pole it does not present the form of a star, with an empty 
centre, but resembles a plate made up of threads closely col- 
lected together in one plane. We have already explained what 
is meant by “ Aequatorialplatte ” and “‘ Metakinesis ” (see espe- 
cially the remarks on pp. 177,178). Finally, it should be men- 
tioned that Strasburger has recently used the name “ prophase” 
for all the karyokinetic phenomena, up to the longitudinal 
splitting of the threads ; “‘ metaphase” for the stage of division 
itself up to the complete separation of the daughter-threads; 
and “anaphase” for the remainder of the phenomena, up to 
the establishment of the resting daughter-nuclei. For the 
star figures of the cell-body, the so-called “ Polstrahlungen,” 
(polar rays), we may with Flemming use the term “ Cytaster”’ 
(helioma, aureola) : for that of the nucleus, i.e. the spindle 
figure (Kernspindel, in Flemming’s sense), the name “ Kary- 
aster.” 

Carnoy used the name “ Cytodiérése ” (after Henneguy (92)), 
for cell division. 

Strasburger (192) now arranges the course of phenomena 
during mitosis for the higher plants—essentially in agreement 
with Flemming—in the following way : 


I. Prophase. 
. Network of the resting nucleus. 
. Dense skein or coil. 
. Loose skein or coil. 
. Displacement towards the nuclear plate. 
. Nuclear plate (equatorial plate—mother-star). 


II. Metaphase. 
6. Separation and displacement of the secondary segments 
(metakinesis). 
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III. Anaphase. 
7. Star (daughter-star, dyaster). 
8. Loose (daughter-) coil. 
9. Denser (daughter-) coil. 
10. Network of resting daughter-nucleus. 
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Carnoy uses the terms : 

Spirem = 1. Scission du boyau ou du peloton. 
Aster = 2. Couronne équatoriale. 
Metakinesis = 8. Ascension polaire. 

Dyaster = 4. Couronnes polaires. 

Dispirem = 5. Reconstitution du noyau. 


It is, however, desirable that in the classification of the 
mitotic processes in different stages the most important of 
them—the longitudinal splitting of the segments, and 
the appearance of the nuclear spindle,—should have separate 
places. They may perhaps be grouped as follows, so as to 
obtain a classification suitable to all cases: 


A, I. Resting mother-nucleus. 
II. Mother-coil (spirem). 
III. Splitting of the loops and spindle-stage. 
IV. Mother-star (monaster). 


B. V. Metakinesis. 


C. VI. Daughter-stars (dyaster). 
VII. Daughter-coils (dispirem). 
VIII. Resting daughter-nuclei. 


A couple of words must be added in explanation of this 
suggested grouping. 

All workers agree that the resting stage is followed by 
another, which shows the chromatin arranged in the form of 
distinct threads. Like the words “ Knauelstadium ” or “ Mut- 
terknauel” (skein-stage, mother-skein), “‘ Spirem” does not 
prejudge anything as to whether there is one thread only 
or numerous threads, which at first appear inextricably 
intertwined. It does not appear to me to be necessary to 
speak of a denser or a looser coil or skein. On the other 
hand, it is incontestably very important that in the further 
course of mitosis distinctly separate segments (chromo- 
somes) in the form of rods or loops arise; that these 
undergo a longitudinal splitting, and that the nu- 
clear spindle figure makes its appearance at this stage. 
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We certainly know that the longitudinal splitting may occur 
either sooner or later, that it may not occur till the mother- 
star is formed, but it always takes place between the first 
appearance of a distinct skein and the complete mother-star. 
We know further, especially from Strasburger’s last memoir, 
that probably in most cases numerous threads are present 
even in the resting nucleus and the skein stage, perhaps 
always the same in number as the distinct segments which are 
seen later on. Nevertheless, one cannot, in the skein stage, 
distinctly separate the different segments from one another. 
It is undisputed that, in all cases, between the skein- and the 
mother-star-stage phases the separate segments (chromosomes) 
stand out very distinctly, usually in the form of loops, and 
that at the same time that important phenomenon, the nuclear 
spindle makes its appearance. These are the grounds which 
induce me to choose the most important processes instead of 
the ‘loose-skein stage,” and the stage of ‘“ displacement 
towards the nuclear plate,’ for signalizing corresponding 
phases of mitosis, and to speak of “ the splitting of the loops 
and spindle-formation stage.” 

The words “ Kernplatte,” “ Aequatorialplatte,’ do no good 
in many cases; in my opinion Flemming’s “ Mutterstern ”’ 
(monaster, mother-star), or even “ Aequatorialstern ” (‘ cou- 
ronne équatoriale ” of Carnoy), recommend themselves more. 
Instead of “‘ Metakinese,” which is not clear in its meaning 
without something in addition, probably “'Trennungs-stadium ” 
(separation-stage) would be better. This would hold for every 
case, even if, as in Spirogyra, for example, no special 
change of position or form occurs. In regard to nomen- 
clature compare Flemming’s paper, “ Zur Orientirung wber 
die Bezeichnung der verschiedenen Formen von Zell- und Kern- 
theilung,”’ ‘ Zool. Anzieger,’ 1886, No. 216. 


(To be continued.) 
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Karyokinesis and its Relation to the Process of 
Fertilization. 


By 


WwW, Waldeyer.! 


With Plate XIV. 


if. 


As to the relation which the process of karyokinesis 
bears to fertilization and heredity, I propose to discuss 
two memoirs, one of which I have frequently quoted already : 
—‘ Recherches sur la maturation de l’ceuf, la fécondation et 
la division cellulaire,’ by E. van Beneden, Gand, Leipzig and 
Paris, 1883. The second is more recent, A. Weismann, 
‘ Ueber die Zahl der Richtungskorper und iiber ihre Bedeutung 
fiir die Vererbung, Jena, 1887. 

EK. van Beneden’s memoir, which is amongst the most 
prominent phenomena of recent biological literature, traces 
the formation of spermatozoa and eggs, together with the 
phenomena of fertilization in the great thread-worm of the 
horse, Ascaris megalocephala, which, indeed, seems des- 
tined to be become a classic object for these matters. I here 
pass over the account of sperm- and egg-formation, although 
it contains an abundance of new and valuable knowledge, in 
order to deal with the phenomenon of impregnation, and the 
important part which karyokinesis plays in the process. 

With respect to fertilization, it was known that a 
‘fusion ”’ (copulation) occurs between the head of the sper- 

1 Translated by W. B. Benham, D.Sc., from the ‘Arch. fiir mikr. Anat.,’ 
vol. xxxii, 1888, pp. 1—12. 
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matozoon which penetrates into the egg, and the nucleus 
(reduced in a peculiar way) of the ripe egg-cell. 

The historical development of our knowledge of this very 
important process may be here briefly reviewed. All those 
who, like Purkyne (164), von Baer (6, 7), Oellacher (150), 
Gotte (80), Reichert (169), Kleinenberg (104), Lovén (128), and 
others, supposed the whole of the germinal vesicle, together 
with the germinal spot, to disappear before fertilization, must 
naturally have looked upon the essence of the process of ferti- 
lization quite otherwise than as a morphological copulation 
between the spermatozoon and the germinal vesicle. There 
were, however, not a few earlier workers who recognised the 
germinal vesicle as persistent. Thus, Joh. Miller’s (142) 
observations on the mollusc Entoconcha mirabilis, will 
always be quoted as a classic example. Associated with him are 
Leydig (124, 125), Gegenbauer (75, 76), and above all HE. van 
Beneden, in his great memoir on the egg (“ Recherches sur la 
composition et la signification de l’euf,’ ‘Mém. couronné de 
VAcad. roy. des Sci. de Belgique,’ Bruxelles, 1870). By most 
of these writers it was, however, held that the persistent ger- 
minal vesicle, even before the beginning of its subdivision by 
segmentation, differed more or less from its earlier condition. 
Thus, many believed the germinal spots to disappear; but we 
also find statements (Kolliker (106), Gegenbauer (76), Haeckel 
(85), and specially EH. van Beneden, in regard to Distomum 
cygnoides) to the effect that the germinal vesicle and spot 
remained intact till division occurred. Fol (“‘ Recherches sur la 
fécondation et le commencement de l’hénogénie chez divers 
animaux,” ‘ Mém. de la Soc. de phys. et d’hist. nat. Genéve,’ t. 
xxvi, 1878, 1879) carefully figured the preliminary change in 
the germinal vesicle preceding fertilization. Finally, a third 
view is taken by the following authors :—Derbés (55), von 
Baer, Leydig, Bischoff (27, 28), Fol (65), viz. that in certain 
examples the germinal vesicle disappears, although the germinal 
spot remains. Certainly Derbés speaks positively on this 
point ; the rest are very reserved. Bischoff has lately quite 
withdrawn from this yiew. O. Hertwig (98) agreed with Derbés’ 
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view in his first memoir, where a detailed literary discussion is 
to be found (see ibid., 1876, Sept., and 1877, May). 

The authors of the second and third groups were thus able 
to admit a copulation between the penetrating spermatozoon 
and the complete, or only partially persistent, nucleus. O. 
Hertwig and EH. van Beneden (20) were, however, the first 
to recognise, in 1875, this important fact. 

It must, besides, be here mentioned that the presence and 
copulation of two nuclei (or nuclear-like structures), imme- 
diately after the entrance of the spermatozoon into the egg, 
and before the commencement of segmentation, was clearly 
recognised and maintained by Warneck (201), Biitschli (40), 
and Auerbach (5). Warneck’s observations on Lymneus and 
Limax are somewhat vague: he says that before the segmen- 
tation of the egg two nuclear-like bodies are present, which 
fuse to form a single one, and this, at the beginning of the 
segmentation of the egg, then takes on a biscuit-shaped form. 

Bitschli (‘‘ Beitrage zur Kenntniss der freilebenden Nema- 
toden ’’) also describes the formation of two nuclei in a thread- 
worm (Rhabditis dolichura). These are supposed to arise 
at one pole of the egg close to one another. Biitschli leaves it 
undecided whether one of them (the second) does not arise 
from the other (the first). He found that the two nuclei 
approach one another, and move towards the centre of the 
yolk. The two nuclei have the appearance of fusing com- 
pletely ; yet he thinks that this is not the case, but that the 
appearance is simply due to the nuclei being usually seen 
superposed. Undoubtedly Bitschli does not uphold the fusion 
of the two nuclei in his first memoir on this subject. 

The positive assertion of a fusion immediately after ferti- 
_ lization of two independent nuclei into one, which then sinks 
further into the yolk, is due (after Warneck) undoubtedly to 
Auerbach, who studied Ascaris nigrovenosa and Stron- 
gylusauricularis. Auerbach, whose statements have re- 
ceived much too little consideration,’ reported his observation 


* Thus, for instance, Auerbach stated that the two star figures in nuclear 
division are connected by a middle portion, which he derived, like the stars 
from the nucleus. Vide loc. cit., part 2, Taf, iv, 
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in 1874, before the Breslauer Naturforscher-Versammlung, 
and published them in the same year. 

Later (1875), Biitschli (41, 42) also observed the process of 
fusion in various nematodes and molluscs ; he extended existing 
knowledge herein that in certain species of animals he saw 
from three to five nuclei make their appearance at the surface 
of the yolk, and then fuse at the centre of the egg. 

However, none of the hitherto mentioned observers recog- 
nised that one (or more) of these nuclei arise from the 
spermatozoa and the other from the germinal vesicle. As a 
precursor of this view, it was indeed suggested by Biitschli 
tentatively, that a portion of the substance of the spermatozoa 
might take a share in the formation of the nuclei in question. 

O. Hertwig (93) deserves the credit for one of the first 
definite declarations on this fundamental point. E. van 
Beneden (20, 21) too, had at the same time and independently 
of Hertwig, written to this effect, but his view does not point 
to a morphological continuity between the spermatozoon and 
one of the copulating nuclei. 

O. Hertwig, in his first memoir, describes the process of 
maturation and fertilization as occurring in such a way that 
the germinal vesicle is carried towards the surface of 
the yolk by contraction of the egg-protoplasm. Its mem- 
brane disappears, the contents fall to pieces, and become 
absorbed by the yolk; the germinal spot seems to remain 
unchanged and to become the permanent nucleus of the egg, 
which is now capable of fertilization. O. Hertwig agrees also 
with the above-mentioned view of Derbés, &c. He calls this 
reduced nucleus, arising, according to his opinion at the time, 
from the germinal spot, the “ Eikern” (egg-nucleus) ; whilst 
to the previous nucleus he would give the old name “ Keim- 
blischen ” (germinal vesicle). 

The second nucleus, which Bitschli and Auerbach had 
already seen, and the copulation of which, with the first 
nucleus, they had described, is now recognised by O. Hertwig 
as the head of the penetrating spermatozoon—and 
herein lies his greatest merit. He comes to this conclusion 
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chiefly from the fact that the appearance of a second nuclear- 
like structure, passing in from the periphery of the egg, 
regularly takes place a few minutes after the fertilization of 
the egg, and further, that in some cases he saw a fine thread 
passing away direct from this nucleus, and projecting from the 
surface of the yolk. 

Finally, O. Hertwig observed that the two nuclei approached 
one another, and lay close together ; and in other preparations 
he saw later on, only a single nucleus, which, however, was 
larger than the two. He concludes, therefore, that the two 
nuclei—the “ Egg-nucleus” and the “ Sperm-nucleus,” as he 
ealls the nucleus arising from the spermatozoon—fuse with one 
another. The nucleus arising from this fusion Hertwig ‘calls 
the “Cleavage nucleus” (first segmentation nucleus), since 
the latter is that which divides immediately after the process 
of fertilization, and becomes the parent nucleus for all the 
nuclei in a developing organism. 

Contemporaneously with Hertwig’s memoir there appeared 
E. van Beneden’s first observations of this subject (20). A 
further contribution (21) followed in 1876. The former (20) 
was quite independent of Hertwig, and dealt with the 
egg of the rabbit, whereas O. Hertwig had worked on that 
of the sea urchin. E. van Beneden saw two nuclear-like 
structures arise, which he describes as “ pronucleus-central, s. 
femelle,” and “ pronucleus périphérique, s. miale.”” He also 
noticed a conjugation of these two pronuclei, and regarded this 
as the act of fertilization. (‘Le premier noyau embryonnaire 
résulte de union de ces deux pronuclei, ce premier noyau est 
le product d’une véritable conjugaison entre un élément male 
(pronucleus périphérique) et un élément femelle (pronucleus 
central’). 

E. van Beneden differs from O. Hertwig in the following 
points : 

1. The egg-nucleus (female pronucleus) is not the persistent 
germinal spot. 

2. Of the whole germinal vesicle no morphological element 
remains. 


220 W. WALDEYER. 


3. The sperm-nucleus (male pronucleus) is not the head of a 
spermatozoon. 

The two pronuclei are morphologically new structures, 
but substantially the female pronucleus originates from the 
substance of the egg-cell; how far the substance of the 
germinal vesicle takes a share in it, E. van Beneden leaves 
undecided in his first memoir. Substantially, too, the sperma- 
tozoon shares in the formation of the male pronucleus. Van 
Beneden finds that the head of the spermatozoon always lies 
close to the cortical zone of the egg, and that a part of the 
head of a spermatozoon extends into the cortical layer of the 
egg-cell. Since then the male pronucleus arises in this cor- 
tical layer, E. van Beneden is of opinion “ que le pronucleus 
superficiel se forme au moins partiellement aux depens de 
la substance spermatique.” 

Van Beneden further observed that both nuclei, even if they 
touch, still remain quite distinct from one another. He, how- 
ever, recognises, as already said, a fusion (conjugation) of the 
two nuclei. 

As we see, these two authors differ from one another in not 
unessential points, and also leave many important questions un- 
decided. O. Hertwig cannot make up his mind to identify the 
germinal spot quite certainly with thelateregg-nucleus. Again, he 
has not directly observed the act of entrance of the spermatozoon 
into the egg and the continuous transformation of it into the 
sperm-nucleus ; just as little has he observed the act of fusion 
in flagrante. The conclusion must here be supplied by 
direct observation. So, too, is it with van Beneden; by him 
the details of the formation of the two pronuclei remain 
undecided ; nor has he directly observed the act of fusion. In 
the recognition of the spermatic element in the male pro- 
nucleus he is behind O. Hertwig; however, he saw more 
correctly what happened to the germinal spot, and Hertwig 
himself soon afterwards relinquished his view that the germinal 
spot becomes the egg-nucleus. Now, it is no wonder that such 
a fundamental process as the behaviour of the male and female 
nuclear elements in the egg-cell was not discovered at once and 
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in all its details, and was not rightly interpreted by a single 
observer. I do not hesitate to regard the statements of these 
authors as the most important with which our science has been 
enriched. This is evidenced in the vast impulse which they have 
given to numerous works, partly speculative, partly directed to 
the discovery of new facts and to the confirmation or refuta- 
tion of earlier statements. One must admit that the observers, 
Biitschli, Auerbach, O. Hertwig, and E. van Beneden, have not 
permitted themselves to travel further in their speculations 
than their very careful and numerous researches allowed. 

The gaps in direct observation, above noted, were in part 
filled up later by O. and R. Hertwig (96) and by E. van 
Beneden (28, 24) themselves, as well as by R. Hertwig (94, 
95), H. Fol (66, 67), Greeff (80a), Selenka (186), Mark (131), 
Calberla (45), Kupffer (117—120), Flemming (57—61), Hensen 
(88—90), Giard (78), Weismann (203, 204), Nussbaum (146— 
148), Carnoy (47, 48), Zacharias (210), Boveri (84—36), and 
others; but, as is usually the case in the progress of physical 
science, new researches and new facts provide new problems, 
and the field now in question opens up to us so wide an horizon 
that Virchow’s words (‘Gesammelte Abhandlungen,’ p. 737) 
gain more and more value. ‘“ Die Entstehung und Entwicke- 
lung der Eizell im mitterliche Korper, die Uebertragung kér- 
perlich und geistiger Eigenthimlichkeiten des Vaters durch 
den Samen auf dieselbe beriihren alle Fragen welche den 
Menschengeist je tiber des Menschen Sein aufgeworfen hat.” 

It is impossible to record here the results of all these several 
works ; it can only be mentioned that the first definite state- 
ment as to the continuity of Hertwig’s ‘‘ Spermakern ” with the 
head of the penetrating spermatozoon, as well as the observa- 
tion of the entrance of the latter, is due to Fol.! 

1 Although I here name Fol as the one who first recognised, without 
doubt, the morphological continuity in the Echinoderms between the nuewly- 
penetrated spermatozoon and Hertwig’s Spermakern, yet I am quite aware 
that earlier statements as to the entrance of the spermatozoon into the egg, 
or at least through the egg-membrane, were made by many observers: e. g. 


Bischoff (‘ Bestatigung, &c.,’ Giessen, 1854), Meissner (‘ Zeit. fiir wiss. 
Zool.,’ vi), Weil (‘ Med. Jahrb.,’ published by S. Stricker, 1873), Hensen (‘ Zeit. 
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At any rate, all writers, if we except A. Schneider (181), 
now agree, firstly, that the sperm-nucleus (“ pronucleus male” 
of van Beneden) can be traced morphologically to the head, 
1. e. the nuclear constituent of the spermatozoon. EE. van 
Beneden has shown this in the most convincing manner in 
Ascaris megalocephala, and has figured the process of the 
entrance in great detail. Secondly, it is agreed (Hertwig, 
Fol, Flemming, Selenka, Platner, E. van Beneden) that in the 
lower animals a single spermatozoon suflices for fertilization, 
that indeed the entrance of more hinders or disturbs the normal 
development (‘‘ Polyspermy ” of O. Hertwig). 

The new experimental studies of O. and R. Hertwig (96) are especially 
interesting in this respect. Abnormal impregnation, followed by anomalous 
developmental phenomena, occurs in hybridization and in polyspermy. So far 
as hybridization is concerned, the brothers Hertwig found that the spermatozoa 
are not dainty (‘‘ walilerisch ”), as they express it, but have a tendency to enter 
any egg of any other species of animal. Since they do not succeed in this, as 
is the case in most attempts at experimental hybridization, the Hertwigs believe 
that the hindrance must lie in the egg. I think that too much stress is here 
laid on the egg-cell by these authors. In my opinion, the difference in form 
and size of the spermatozoa must be taken into consideration, as His (98) 
and C. K. Hoffmann (99) have already remarked. The diversity of form and 


f, Anat. u. Entw. Gesch.,’ i, 1876), E. van Beneden (‘ Bull.,’ loc. cit., 1875), 
for Mammals; Newport (‘ Phil. Trans.,’ 144, 1854), for the Frog; Calberla 
(‘ Zeit. f. wiss. Zool.,’ xxx, 1877), for Petromyzon; Nelson (Phil. Trans.,’ 
1852), Meissner (‘ Zeit. f. nat. Med.,’ 1853; and ‘ Zeit. f. wiss. Zool.,’ vi, 
1855), Leuckart (‘Die menschlichen Parasiten,’ chap. ‘‘ Nematoden’”’), and 
A. Schneider (‘ Monog. der Nematoden,’ 1866), for Nematodes—not forgetting 
M. Barry’s (‘Phil. Trans.,’ 1843) very first discovery of the spermatozoon 
inside the yolk-membrane of the rabbit; yet neither Barry nor, a little later, 
Keber (‘ Untersuchungen iiber die Porositat der Korper,’ Konigsberg, 1854) 
and Bischoff (‘ Bestatigung des von Dr. Newport bei den Batrachien und 
Dr. Bary bei den Kaninchen behaupteten Hindringen der Spermatozoiden in 
das Hi,’ Giessen, 1854), saw the act of entrance ; nor were those observers, 
who were prior to Fol, successful in clearing up the fate of the penetrating 
spermatozoon, or in proving the morphological continuity of Hertwig’s sperm- 
nucleus with the head, i.e. the nuclear element, of the spermatozoon. To 
Fol also belongs, as may be incidentally mentioned, the discovery of the 
“cone d’attraction,” as he called it (“ Empfangnisshiigel”’ of O. Hertwig), 
i.e. a small conical process which the egg-protoplasm stretches up to the 
entering zoosperm. 
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size in spermatozoa is astonishing ; at least, I know of no single case of 
spermatozoa of different animal species being absolutely alike; and I must 
here point out that one might with advantage take into account the form 
of the spermatozoa in questions as to the definition and identification of 
species. 

In normal impregnation within the same species, the reason, according to 
the Hertwigs, why normally only one spermatozoon enters, lies in the rapid 
formation of a sort of yolk-membrane, caused by the irritation of the sperma- 
tozoon which enters first (Echinoderms, Fol, Hert wig) ; butit must be mentioned 
also that such a membrane is not everywhere formed in impregnation, therefore 
some other repelling power is present in the egg-protoplasm. If, before 
fertilization, one allows irritating or enfeebling reagents (e. g. chloral) to act 
on the egg-cell, if one cools the egg, or warms it above the normal tempera- 
ture, or if one applies chloroform, numerous spermatozoa will generally 
enter. In all super-fertilized eggs treated in this way, if, after all, develop- 
ment does take place, it is abnormal. The hypothesis is suggested by 
Fol that multiple-formations (‘‘ Mehrfachbildungen”) are connected with 
polyspermy. Hertwig (‘Lehrbuch der Entwickelungsgeschichte,’ p. 34) 
strongly urges, as a proof of this, the fact that in Lumbricus trapezoides 
studied by Kleinenburg (105), two embryos regularly develop from each 
egg-cell. However, it appears quite premature to lay down such an hypo- 
thesis for a wide range of the animal kingdom, since in many Vertebrates 
(Batrachia, Lamprey, Trout) it is to be regarded as certain, according to the 
very careful and detailed researches of Kupffer (117), that a physiological 
polyspermy exists, i. e. that numerous spermatozoa enter the egg, and their 
substance mixes with that of the egg. In lamprey, for instance, Kupffer ob- 
served the following process: first one spermatozoon with head and tail entered 
the egg; near this spermatozoon others perforated the egg-membrane, but did 
not enter into the yolk; their heads however swelled up into hyaline drop-like 
structures, which were found on the inner side of the egg-membrane, between 
it and the yolk. There now rises up from the egg-protoplasm a plug-like 
process (“cone d’attraction ” of Fol), which glides along the inner surface of 
the membrane and gathers up the hyaline sperm-drops, which then fuse with 
the substance of the plug. Nevertheless, as Kupffer expressly points out, 
there are present in all cases only two pronuclei, which conjugate to form the 
new nucleus of the fertilized egg. H. van Beneden, too, observed in the rabbit, 
that even if numerous spermatozoa were fused with the periphery of the 
yolk, yet always only one male pronucleus was formed, which then fused with 
the second—the female pronucleus—to form the “segmentation nucleus,” 
This “ segmentation nucleus ”—in Hertwig’s sense—can very easily contain, 
it appears to me, constituents of “ numerous ” spermatozoa, but also (in other 
cases) of only “one.” The process of pronuclear formation in Vertebrates is 
not well known. It is, however, quite clear that the entrance of many sper- 
matozoa in Vertebrates does not act so as to disturb the development. In 


994 W. WALDEYER. 


Invertebrates, too, Selenka (1. c.) and Schneider (1. ¢.) have observed super- 
fertilized eggs to develop normally. 

On a third essential point, namely, the fusion, we have 
not yet come to a final conclusion. Certainly this ‘‘ conjuga- 
tion,” or “ fusion,” of the two nuclei, or “ pronuclei,” as we 
may now call them, offers no small difficulty. 

The first observers, Warneck and Auerbach, who maintained 
a fusion, have interpreted the relation chiefly in the sense of 
the word “ fuse.” Auerbach held that the fused nuclei lose 
themselves in the protoplasm of the cell (karyolysis). Such an 
idea was natural, so long as nothing was known of the process 
of karyokinesis, and the thread-like structure in all nuclei was 
unknown. How does this bear on the question of fusion ? 

I have already stated that in every nucleus, besides the 
easily-staining, so-called chromatic substance (“ chromatin” of 
Flemming), there are to be distinguished the nuclear mem- 
brane and the so-called “ achromatin,”? which is identical 
with “nucleoplasm.” I also mentioned that Balbiani and 
Pfitzner have shown that the chromatic threads are made up 
of small, nearly equal portions, the so-called “ Mikrosomes,” 
and that in nuclear division two more structures make their 
appearance, the “ polar bodies”’ (Polkérperchen), and a second 
thread-structure arranged as a spindle, the so-called “ nuclear 
spindle,” or “spindle figure,” together with the “ attraction- 
sphere.’ The threads of the spindle figure differ from the 
chromatin threads in their less capacity for taking stains, in 
their fineness, and in their characteristic arrangement. 

When at the present day we speak of a “fusion,” “ copula- 
tion,” “ conjugation ”—or whatever we may call it—of nuclei, 
it is necessary to examine the relation to that process of the 
several constituents of the nuclei just mentioned in order to 
have a clear conception of it. In other words, we must try to 
ascertain how the nucleoplasm, the achromatic spindle, &c., are 
related to one another during the fusion of the chromatic 
threads, and must also take into consideration the microsomes. 
Boveri, in his recent contribution (34), speaks to the same 
effect. As for the sperm-nucleus the question is so far simpli- 
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fied that Flemming (‘ Arch. f. mikr. Anat.” Bd. xviii, p. 233, 
et seq.) has recognised in the salamander that only the chro- 
matin forms the head of the spermatozoon. However, the 
matter requires further research. 

Before I proceed further as to what we know of the act of 
fusion, it is now necessary to mention another matter which 
seems to stand in close relation to the process of fertilization, 
namely, the formation of the so-called “ directive corpuscles” 
(Richtungskorperchen). 

By “directive corpuscles” (or “ globes polaires ” of Robin) 
is meant the small, roundish bodies which are extruded 
from the fully formed egg, usually before impregnation, and 
(in many cases) independently of the entrance of the sperma- 
tozoon into the egg. The directive corpuscles are of consider- 
ably smaller dimensions than the egg itself (see Pl. XIV, 
fig. 14). 

It has required a long list of workers,—I mention especially 
F. Miller (141), Robin (173), Butschli (40—43), Lovén (128), 
Flemming (63 a), Bellonci (16 a, 16 0), Fol (66, 67), O. Hertwig 
(93), Hensen (88—90), Oellacher (150), Calberla (45), Kupffer 
(117—120), Oskar Schultze (182), and E. van Beneden (23),— 
before we have been able to form some idea as to the process of 
the formation of directive corpuscles; and even yet all the points 
are not cleared up. As to their physiological significance very 
important differences of opinion still exist, and as to these I will 
enter into greater detail later on. The name “ Richtungskor- 
perchen ” (properly “ Richtungsblasen ”) was given to them by 
Fr. Miller, because their point of origin stands in relation to 
the place where the first division of the egg will later on make 
its appearance. We now know that these bodies are destined 
to be lost, and that their extrusion is not caused by the act of 
fertilization, since, as A. Hensen has shown in the case of the 
mammalian egg, they are already present before the entrance 
of the spermatozoon into the egg, even whilst the egg is still in 
the Graafian follicle. The extrusion of the directive corpuscles is 
therefore an act connected with the maturation of the egg-cell, 
whether this will be fertilized later on or not. But it is still 
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doubtful whether in all cases there is no relation between the 
entrance of the spermatozoon and the extrusion of the directive 
corpuscles, since Kupffer and Bohm (81) have shown in the lam- 
prey that one directive corpuscle is extruded before, and the 
second immediately after the entrance of the spermatozoon. 
In Ascaris megalocephala, both are extruded after the 
entrance of the spermatozoon (H. van Beneden). 


Before Fr. Miller, K. E. von Baer, and then Dumortier, P. J. van Beneden, 
and Kolliker had recognised directive corpuscles in Mollusca (cf. the quota- 
tions in Mark’s work, No. 181).} 

Dumortier and P. J. van Beneden observed in Limneus and in Limax 
two corpuscles pass out of the egg; Kolliker saw three in Doris; this third 
one was also seen by Trinchese, Blochmann, and Platner (160), in Mollusca. 
This is due to the fact that of the two originally formed bodies one divides 
into two. Von Baer regarded the small body seen by him in Anodon pro- 
jecting from the yolk like a small hillock, below the yolk-membrane, as the 
whole of the germinal vesicle. Dumortier and P. J. van Beneden looked on 
their corpuscles as the offspring of the germinal vesicle. In Mammals, 
Barry and Bischoff were the first to observe these corpuscles, but without 
clearly recognising their significance. Bischoff inclines to Loven’s explanation, 
that they are the extruded germinal spot. E. van Beneden, in his above- 
mentioned work (18), gave further figures of the process in Mammals 
(Vespertilio murinus and Lepus cuniculus). His figure shows small 
nuclear-like structures in the bladder like corpuscles. HE. van Beneden gave 
to them Robin’s name of “ Vésicules s. globules polaires.” Rathke (167), 
at the same time as Fr. Miiller and in the same place, mentioned the directive 
corpuscles and denied any particular meaning for them: they are droplets of 
yolk-substance, which are expelled from the latter through its contraction. 
Oellacher convinced himself that the whole nucleus (germinal vesicle) was 
extruded in the Fowl and Trout, and that this extruded nucleus represented 
the directive corpuscles. Purkinje (164), von Baer (as already mentioned), 
Wagner (200), Bischoff (27, 28), Coste (50-52), and Allen Thomson (197) 
had already recognised that in fully ripe eggs the germinal vesicle moved 
towards the surface and disappeared, but they did not explain how it came 
to disappear. Many workers, e.g. A van Bambeke (11), have held the view 
that the substance of the germinal vesicle is distributed temporarily in the 


1 Robin (1. c.) and Platner (‘ Arch. f. mik. Anat.,’ Bd. xvii) quote Carus, 
who, in 1828, discovered the directive corpuscles,—‘ Bull. de Férussac,’ Paris, 
t. xiv, p. 182—* Sur la rotation de ’embryon dans l’ceuf des Mollusques 
Gastéropodes ;” but Platuer leaves it doubtful whether the discovery really 
belongs to him. I have been unable to obtain the memoir. 
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egg-protoplasm, and after fertilization collects again to form a new nucleus. 
Auerbach (as already mentioned) believed that the nuclear substance was 
really dissolved. EE. van Beneden came to the conclusion in his work on the 
formation of eggs (18), (see especially pp. 239, et seq.) that the invisibility of 
the germinal vesicle is no proof that it really disappears, or that it is dis- 
solved in the yolk. It is probably a change in the yolk that has caused this 
invisibility ; but he thinks it is just as likely that there is a change in the 
germinal vesicle itself which brings about this invisibility. The sequel will 
show how far this is true. A. Brandt (87) believes neither in subdivision, 
nor solution, nor extrusion,—he traces the apparent disappearance of the 
germinal vesicle rather to an active ameboid movement, which is performed 
by the germinal vesicle and spot, before impregnation. The same view is 
held by Schneider (181). But the recent researches of Bitschli, of Fol, 
Flemming, Hertwig, and lastly and especially, of E. van Beneden and Oskar 
Schultze, show that in the formation of the directive corpuscles a portion 
of the germinal vesicle is extruded, in order to form the directive corpuscles, 
and that in this process such a change is brought about in the germinal vesicle 
that its apparent disappearance can readily be explained. O. Hertwig origin- 
ally thought that the greater part of the germinal vesicle disappeared, and 
that the germinal spot remained as the new egg-nucleus; but later on he 
changed his opinion in the way above mentioned. Biitschli was the first to 
prove the connection between the disappearance of the germinal vesicle and 
the appearance of the directive corpuscles, as well as the formation of the 
spindle figure in the origin of the latter, so that the now generally received 
view that the extrusion of the directive corpuscles is to be regarded asa 
karyokinetic division of the egg-cell with very unequal products, obtained its 
first sound basis. Carnoy has supported this opinion by his description of 
the formation of a cell-plate during the process. Cf. on the history of the 
directive corpuscles, the memoirs of Platner and Robin. 


The most detailed figures of the whole process are given by 
O. Hertwig (1. c.) and Fol (1. c.) for Worms and Echinoderms ; 
by Schneider (I. c.), Nussbaum (l. c.), E. van Beneden (I. c.), 
for Ascaris megalocephala; by Carnoy (I. c.), Zacharias 
(l. c.), and recently by Boveri (1. c.) for the same animal. 
For Vertebrates Oskar Schultze (182) has published a detailed 
research on the process in Amphibia. 

I will briefly recapitulate the results of the latter, in order 
to render the process more intelligible by an example. 

In Amphibia two directive corpuscles are extruded, in Rana 
one before, the other after fertilization (cf. Kupfer’s state- 
ment for Petromyzon). In Rana the two corpuscles are 
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readily seen with a lens, as small white spots or granules in 
the depression of the egg known as the fovea germinativa. 
O. Schultze established (conformably with the earlier state- 
ments of Gétte, Oellacher, and E. van Beneden, van Bambeke 
and others) that before impregnation the greater part of the 
germinal vesicle, together with the germinal spot and mem- 
brane, is distributed through the yolk—according to the figures 
of the author “distributed” is the best word; therewith 
undoubtedly a great bulk of the chromatin constituent dis- 
appears, asit at first divides into small particles, and ultimately 
becomes invisible. Scarcely any objection can be raised to 
the description of this process as a dissolution of the chromatin 
substance in the nucleoplasm or in the protoplasm. Since 
the greater part of the “solids” of the germinal vesicle 
becomes fluid and is disseminated through the egg-yolk, 
which itself is in part fluid, it may be said, I think, that the 
greater part of the nuclear substance mixes with the yolk- 
substance. All the older statements which were mentioned 
above, and which speak of a distribution (‘ Vertheilung ”’) of 
the germinal vesicle in the egg as its “disintegration” are 
therefore confirmed, and this seems to me, as O. Schultze also 
holds, a really very important point. 

But the whole of the germinal vesicle is not morpho- 
logically disintegrated and mixed with the yolk in this way,—a 
small portion persists morphologically, and, after the disappear- 
ance of the rest, consists of an achromatic spindle figure, with 
chromatic threads and roundish granules, which are arranged 
on the spindle, as in the karyokinetic division, at the pines of 
the so-called mother-star (Flemming). 

Further, a simple karyokinetic division of the spindle 
(Richtungsspindel of Biitschli) takes place. One portion of 
the nucleus remains in the egg-cell, and the other, together 
with a small portion of egg-substance, is extruded as the first 
directive corpuscle. Then the nucleus remaining in the 
egg again changes into a “ Richtungsspindel” (one can there- 
fore speak of a primary and a secondary “ Richtungsspindel”’), 
and in this way a second directive corpuscle is extruded, In 
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illustration of this process see fig. 14. This does not, indeed, 
refer to Rana but to Ascaris megalocephala, but may serve 
for the above description. 

It is evident that the whole process may in fact be 
regarded as a karyokinetic division of the whole egg-cell with 
very unequal products (Hertwig, Fol, Schneider, Nussbaum)— 
at least so far as regards the cell-substance (see Flemming, ‘ Biol. 
Centralblatt,’ iii Bd., p. 641)—and Oskar Schultze’s researches 
have shown that in every essential the process in Vertebrata 
agrees with what we know for the Invertebrata, from the works 
of Butschli, Fol, O. Hertwig, E. van Beneden, and others. 

We have, besides this, no detailed account of the formation 
of directive corpuscles in Vertebrates, although they have been 
seen by many observers in all classes except Birds and Reptiles 
(cf. the various examples previously mentioned, and Schultze’s 
summary ).! 

“ Richtungsspindeln ” have been observed only by Flemming 
(63 a) and Bellonci (16 a) in mammalian eggs, by C. K. Hoff- 
mann in Teleostei, and by Bohm (1. c.) in Petromyzon. 

As to the formation of directive corpuscles in Ascaris 
megalocephala, E. van Beneden (238) establishes new and 
important facts. Among these are the proof of the origin of 
the spindle threads from a part of the nuclear substance and 
nuclear membrane ; the segregation of the chromatic figure into 
two groups of four chromatin spheres ; the origin of these eight 
spherules from the germinal spot (“corps germinatif” of van 
Beneden) ; the extrusion of four of these chromatin spherules 
to form the first directive corpuscle; the formation of a second 
directive corpuscle with two groups of chromatin spherules, 
which later on divide, so that one half of the spherules of each 
group pass to the second directive corpuscle, and the other half 


‘ In this summary, as well as by Weismann and Ischikawa (204 a), the 
Selachians are omitted ; I therefore mention that Kastschenko, in the number 
of the ‘Anatom. Anzeiger’ (No. 16, July 1st, 1888), issued during the 
correction of these sheets, describes the directive corpuscles in various species 
of Selachians, usually two in number, in one case only one, and in one case as 
many as three, 
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remains in the egg to form the female pronucleus (“ Eikern”’ 
of O. Hertwig). 

In one important point E. van Beneden puts forward an 
anomalous view, since he believes that in the formation of the first 
directive corpuscle complete nuclear threads or loops are 
extruded. Carnoy (l.c.), too, supports this opinion. But this 
is not tenable, according to the researches of Nussbaum (147, 
148) , Zacharias (210), Boveri (36), and Kultschitzky (115,116): 
itis only aftera previous splitting of the segments or chro- 
mosomes, as in ordinary mitosis, that half of the secondary 
threads (or half-threads) are used to form the directive cor- 
puscle. Recently van Gehuchten (77) has supported Carnoy’s 
statement, which, although it differs in other points, agrees 
essentially with that of E. van Beneden, viz. in the extrusion 
of complete chromosomes. Carnoy aud van Gehuchten extend 
this to both directive corpuscles. If this account is correct the 
formation of the directive corpuscles cannot be compared with 
ordinary mitosis, at least not by those who regard the splitting 
of the primary chromosomes before the stage of metakinesis 
as an essential phenomenon in mitotic division ; it is in this way 
that EH. van Beneden regards the matter. For Carnoy the absence 
of splitting will be no hindrance, since, as was stated, he does 
not regard Flemming’s longitudinal splitting as essential. Van 
Gehuchten relies chiefly on the fact that in the youngest eggs 
of Ascaris, the skein divides into eight segments, of which 
six will by degrees be extruded and two will remain. 

I have recently had the opportunity of examining van 
Gehuchten’s preparations; they show distinctly, as he has 
described and figured, that before the extrusion of the first 
directive corpuscle eight very short, slightly curved rods are 
present. Four of these rods are extruded to form the first 
directive corpuscle, and two for the second. Even in a very 
young egg of Ascaris these eight rods can be seen. I am 
not in a position at present to clear up the differences which 
exist between the preparations of Kultschitzky, which I have 
also seen, and those of van Gehuchten. It is true that each 
has employed different methods. 
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E. van Beneden leaves it doubtful whether any portion of 
the egg-protoplasm takes a share in the formation of the 
directive corpuscles. Fol, Hertwig, and Schultze, as we have 
seen, regard this as being the case. If no protoplasm is con- 
cerned we can compare the whole process only to the division 
of a nucleus, and not to cell division. 

Finally, it must be remembered that with one exception, to 
which we shall refer below, at least two directive corpuscles 
are extruded.! 

We now have arrived at the fundamental fact that what 
remains of the germinal vesicle and spot after the extrusion of 
the directive corpuscles is the female pronucleus or egg-nucleus 
of Hertwig, which is destined to fuse with the sperm-nucleus. 
It is thus evident that from the original germinal vesicle im- 
portant portions have to be eliminated before copulation is 
possible. This follows in the clearest way from E. van Beneden’s 
account. 

The latter found, namely, that the extrusion of the directive 
corpuscle in Ascaris occurs, without exception, just when the 
spermatozoon has entered the yolk. Although the spermatozoon 
lies in the immediate neighbourhood of the germinal vesicle, yet 
it does not fuse with it till both directive corpuscles have been 
extruded. It thus appears that the formation of them is a 
necessity in the chain of the whole process of fertilization. 
We shall see, later on, what significance is to be attached to 
the directive corpuscles. 

We will now turn to the question of the more minute 
processes in the rusion of the male and female pronuclei. 

The earlier workers, with the exception of Flemming, did not 
go outside the simple idea of a ‘ fusion,” and no further 
account was taken of the several constituents of the fusing 
nuclei (see the older statements of O. Hertwig, Fol, &c.). 


1 As being worthy of notice, we must here mention the fact that Biitschli 
was originally of opinion that the whole of the structure discovered by him, 
and named “ Richtungsspindel,” was extruded. Hertwig and Fol were the 
first to discover the true state of affairs in Echinoderms, the directive 
corpuscles of which H. van Beneden had recognised. 
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Flemming (5%) clearly distinguished between the different 
substances of the copulating nuclei, and described the process 
in detail. According to him, the chromatin of the male pro- 
nucleus would be handed over to the female pronucleus, and 
consequently the store of chromatin in the latter would be 
increased. He also observed the clear substance which sur- 
rounds the chromatin of the male pronucleus like a halo, and 
can be recognised at the very moment of the copulation ; yet 
he did not succeed in coming to a clear view as to the final 
result. Schneider (181) who was the first, since H. Munk 
(143), to use and recommend the thread-worm of the horse for 
embryological research, arrived at the conclusion, for this and 
other animals, that no fusion between a male pronucleus 
derived from the spermatozoon and the female pronucleus is 
established, but that the spermatozoon disappears in the yolk 
“like a cloud.’ He therefore reverts to the old opinions. 

Eberth and Nussbaum then undertook a testing of Schneider’s 
statements making use of Echinoderms and Worms. So far 
as I am aware, only a short account has been up till now 
published by Eberth (56), who upholds the fusion, in opposi- 
tion to Schneider, but gives nothing new as to its nature. 
Eberth observed in Echinids (Spatangus), that during the 
contact of the egg-nucleus and sperm-nucleus the fine parti- 
tion wall between them disappears, and that then the two fuse. 
In this way a “ mixing of the chromatin and achromatin ” of 
the two nuclei is brought about. The egg-nucleus has 
obtained an increase of chromatin, and probably also of 
prochromatin (see Part I), since in the segmentation nucleus 
a much larger quantity of chromatic granules and threads can 
be observed. 

Nussbaum published his first memoir (149) in August, 1883. 
He describes the extrusion of the two directive corpuscles and 
the transformation of the remains of the germinal vesicle into 
a structure having the form of a resting nucleus; likewise the 
transformation of the intruding spermatozoon-head into asecond 
nucleus of a so-called “ resting form.” He further positively 
asserts the fusion of these two nuclear structures, although 
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in regard to the minuter processes in the act of fusion he made 
no further advance than the first discoverer of it; only it must 
be mentioned that he observed a thread figure in the seg- 
mentation nucleus, i.e. in the nucleus resulting from the 
fusion. But besides the fusion of the nuclear structures, 
Nussbaum lays quite as much stress on the fusion of the 
protoplasmic portions of the egg-cell and spermatozoon. 
In his memoir he says, in reference to this: “ Therefore 
the fertilization in Ascaris megalocephala consists in the 
conjugation of two cells, the protoplasm of which, with 
all the structures derived from it, mixes, and the nuclei, after 
the extrusion of the directive corpuscles, unite to become the 
nucleus of the fertilized egg.” He states his view in the same 
way in the two memoirs already cited (147, 148). 

Nussbaum (149) arrived at a still more important conclu- 
sion in Leptodera nigrovenosa, Schneider. Here the two 
pronuclei, male and female, take up a position parallel to the 
long axis of the egg, and so fuse with one another lengthwise. 
But the first embryonic cell-division passes across the long axis 
of the egg, and thus across the plane of fusion of the two 
pronuclei. It therefore follows that each nucleus of the 
first two segmentation spheres contains one half 
of the sperm-nucleus and one half of the egg- 
nucleus. Nussbaum expressly recognised the importance of 
this observation to the question of heredity. All the cells 
of our body arise from the first two segmentation spheres ; 
it is almost to be taken for granted that in the later 
divisions of these two segmentation spheres, as well as of their 
successors, each contains an equal quantity of male and of 
female constituents, even although we are no longer able to 
follow the distribution of the two nuclear constituents in the 
later processes of segmentation. 

The process of the copulation of the nuclei is treated by E. 
van Beneden (‘ Recherches sur la Fécondation,’ &c., 23), much 
more minutely and in greater detail than any of his prede- 
cessors. His researches! on Ascaris megalocephala and 
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the process of fertilization, begun in 1881, were without doubt 
carried on contemporaneously with, and independently of, 
Nussbaum’s work, and the last of Schneider’s. The complete 
work of the latter (Breslau, 1883) is therefore the first 
in order of publication. Nussbaum’s memoir is dated 5th 
August, 1883. E. van Beneden, in 1888, published his 
first contribution on the sexual apparatus of Ascaris megalo- 
cephala in the ‘ Arch. de Biologie,’ vol. iv. Nussbaum’s 
first detailed account appeared in the ‘ Arch. fir mik. Anat.’ 
in February, 1884, and van Beneden’s complete work in April, 
1884. 

E. van Beneden states clearly in the first place that the 
entrance (“la pénétration”’) of the spermatozoon into the eg 
does not represent the act of fertilization. This is effected by 
the perfect maturation of the pronuclei. E. van Beneden 
therefore distinguishes “ Fécondation,” a short definition of 
which we give below, from the “copulation des produits 
sexuelles,”’ by which he means the entrance of the spermatozoon 
into the egg (p. 128, et seq.). 

The characteristic spermatozoon of Ascaris megalo- 
cephala, consists of a protoplasmic portion which is surrounded 
at one end by a membrane, of a peculiar refractive body, and 
of a chromatophilous nuclear-like element, which is surrounded 
by a clear substance in the form of a halo. It is usually, when 
ripe, conical. The thicker end is anterior, and enters the egg 
first, and consists of the chromatophilous body together with 
the halo. The so-called refractive body is placed at the tail end 
of the spermatozoon. 

Now, E. van Beneden maintains that the entrance of the 
spermatozoon into the egg of Ascaris always occurs at a per- 
fectly definite spot. This is characterised by a radially striated 
ton-shaped thickening of the egg-protoplasm (‘disque polaire’’)! 
The middle of this disc presents a roundish hole, through which 
the active, unaltered egg-protoplasm projects from the surface 
of the disc, in the form of a plug (“ bouchon d’impregnation ”’). 

1 Kupffer (120) more recently recognised in the trout’s egg structures 
comparable to the polar disc, but in great numbers. 
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At this point the egg-membrane, which elsewhere covers the 
disc, has a corresponding aperture. The anterior protoplasmic 
naked end of the spermatozoon fixes itself to the “ bouchon 
d’impregnation ” projecting through the micropyle, fuses with 
it, and is then, by its retraction, drawn into the interior of 
the egg. Whilst its hinder pointed end projects through the 
micropyle, the membrane of the spermatozoon fuses with the 
egg-membranes, withdraws itself from the spermatozoon, and 
thus closes the mycropyle, and forms a barrier against the 
entrance of any more spermatozoa. In six cases out of the many 
thousands studied by E. van Beneden, two spermatozoa entered ; 
these were probably glued to one another by both being fixed 
to the “ bouchon d’impregnation.” More than two were never 
found inthe egg. The micropyle always corresponds with one 
of the ends of the organic axis of the egg. 

I will here interpolate that O. Zacharias in Hirschberg 
(210), who last year studied anew the process of fertilization in 
Ascaris megalocephala, was unable to find any such 
definite micropyle, either in A. megalocephala or in A. 
sulla. He therefore believes that the spermatozoon enters at 
any spot, and ascribes to it the power of dissolving the egg- 
membrane. Carnoy, too, asserted this previously (48), and 
van Gehuchten confirms it (77). It is under these circum- 
stances very difficult to explain why as a rule only one sper- 
matozoon finds its way into the egg. 

From the moment of the fixation of the spermatozoon to 
the “bouchon d’impregnation,” it appears more strongly re- 
fractive, and will, as also will its protoplasmic portion, take 
stains very much more strongly. ‘This, as E. van Beneden 
maintains, is an excellent way of distinguishing the penetrating 
from the merely adherent spermatozoa. 

In order not to interrupt the description of the changes 
in the maturation of the male element, I will now trace it up 
to the act of copulation, remarking again that the eme- 
bedded spermatozoon undergoes no noteworthy change until 
the two directive corpuscles are budded off by the germinal 
vesicle. 
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The protoplasm of the spermatozoon, together with the 
refractive body (the fate of the membrane has already been 
indicated), separate from the chromatopbilous body and the 
halo, and mix with the egg-protoplasm ; occasionally van 
Beneden also found remains of the refractive body in the so- 
called “ perivitelline fluid,” which separates from the egg during 
this process (see Pl. XIV, fig. 14). The protoplasm does not sepa- 
rate until later, and for a long time the male pronucleus during 
its completion is still surrounded by it like a cap. What now 
becomes of the separated part of the spermatozoon, whether it 
is to be regarded simply as an outcast which will be assimilated 
by the egg (EH. van Beneden uses the word “ digestion”), or 
whether its mixture with the egg-protoplasm is also an act 
necessary for fertilization, is at present undecided. I shall 
return to this point again. 

The remainder of the spermatozoon—the chromatin body 
and the clear area round it, which HE. van Beneden regards as 
nuclear substance,— becomes transformed into the male pronu- 
cleus. The chromatin body often appears to be composed of 
two distinct portions. The mode of transformation has been 
minutely described by van Beneden. Essentially the chro- 
matin body is seen to be changed into a fine network in which 
a single loop appears later on. This thread consists of an 
achromatic ground substance with chromatic granules as vari- 
cosities on it; an envelope of small achromatic granules is 
also formed round the whole. From the main thread, however, 
finer threads are given off, in various places, which form a fine 
network underneath the envelope. All this is filled in with 
the clear substance. Since the mass of the pronucleus increases 
continually, we must admit that it assimilates part of the sur- 
rounding egg-protoplasm. 

Just in same way as the male pronucleus is formed from 
part of the nucleus of the spermatozoon, so is the female pro- 
nucleus formed of the nuclear remnant of the egg, after the 
separation of the directive corpuscles. This nuclear remnant 
now contains only a quarter of the original chromatin sub- 
stance of the germinal vesicle. But here, too, it seems, as in the 
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case of the male pronucleus, that the substance of the female 
pronucleus increases during its formation, probably at the 
expense of the surrounding protoplasm. E. van Beneden says, 
in regard to this (1. ¢., p. 287) :—“ Le but de l’élimination que 
se fait dans les globules polaires ne peut donc étre de diminuer 
la quantité de substance chromatique du nucléole de Pout : 
cette expulsion ne peut-étre congue comme une épuration.” 

A very remarkable fact is the perfect equality of the two pro- 
nuclei. E. van Beneden distinctly points this out. Kults- 
chitzky (Il. c.) has succeeded in discovering some new and 
interesting details about this. He found each pronucleus to 
be provided with a nucleolus. In a number of cases he found 
two nucleoli in each pronucleus, rarely three; but the number 
of nucleoli was always the same in the two pronuclei. 

The perfect equality of the sperm- and egg-nuclei was also 
recognised by Strasburger (191) in plants; on the other hand, 
Platner (160) found in Arion empiricorum a striking 
inequality. 

Not only does the nucleus of the egg-cell extrude elements, 
but, at the same time that the directive corpuscles are formed, 
some of the protoplasmic substance of the egg is also separated, 
which becomes arranged in two peripheral layers or envelopes 
round the rest of the egg (‘‘ couches périvitellines,” see fig. 14) ; 
these take no share in the further process of development. E. van 
Beneden points out that in other eggs the separation of a 
similar substance, “ liquor vitellinus,”’ is already established, 
and he compares the “ couches périvitellines” of the egg of 
Ascaris with this. 

When the two pronuclei have been formed from the sperm 
remnant and the remnant of germinal vesicle, then, according 
to the statements of most authors, the true process of fertiliza- 
tion occurs—the fusion of the two pronuclei to form a seg- 
mentation-nucleus. In his description of this so-called 
*‘ fusion,” E. van Beneden differs completely from all other 
writers. According to him, this important act takes place as 
follows:—The varicose chromatin thread of each of the two 
pronuclei, which have in the meantime come to lie close 
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together, but have not fused, divides transversely into two 
portions of equal length, each of which forms a U-shaped 
loop. Before the transverse division occurs in the chromatin 
thread, some changes in its position and size take place; it 
moves from the surface of the pronucleus, where it was at first, 
nearer to the centre. We have then four such loops (chromo- 
somes), two male and two female. Hach loop then splits 
longitudinally into two sister-threads, each of which is a true 
image of its fellow, down to the smallest details. Previously 
a spindle figure, composed of threads, which meet at opposite 
poles (the “ sphéres attractives ”), has appeared, as in the karyo- 
kinesis of an ordinary cell. Then the outlines of the hitherto 
perfectly distinct pronuclei disappear. The chromatin threads, 
which have now, by longitudinal splitting, reached the numberof 
eight, four male and four female, take up a position atthe equator 
of the spindle figure. At the two poles, refractive pole bodies 
and polar rays are apparent. The two sister-threads, arising 
from one primary thread, now separate from one another 
towards the poles of the spindle figure; so that the one thread 
moves to pole a, the other to pole 4, and in this way two male 
threads and two female threads arrive at pole a, and the same 
at pole 6. From these two groups of threads respectively 
the chromatin substance of a daughter-nucleus arises; the 
division of the egg-cell now takes place so as to cut 
between the two daughter-nuclei, and the first two seg- 
mentation spheres are formed, each of which contains equal 
amounts of male and of female nuclear elements. I will 
not go further into the other statements of E. van Beneden 
with regard to the behaviour of the chromatin loops during 
the reconstruction of the daughter-nuclei, since in a short 
description it is quite impossible, especially without figures, to 
make oneself understood. But it must be borne in mind that 
the four secondary loops of which each daughter-nucleus is 
composed ,—call them a, 4, c, d,—unite so as to form only two 
loops in the resting nucleus, so that two groups ad and cd arise, 
but these two groups remain independent of one another. Now 
the daughter-nucleus divides anew, during the second segmenta- 
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tion, into four loops—m, n, p, g—and this takes place, not in 
such a way that the four previous loops, a, b, c,d will be 
re-established, viz. that m = @ and n = 3, &c., but so that 
Mm. = 4.00, = 400; p = 4. cd, 9) = 15) cd. 

It is impossible by observation to distinguish whether the 
group ad contains the two male loops and cd the two female 
loops, or whether in each group one male is united with one 
female loop, so that a@ and ¢ are male and 6 and d are female. 
E. van Beneden thinks that the former is the more 
probable (ad = male, cd = female), since this is the case in 
the fertilized egg, with separate male and female pronuclei, 
and one cannot well believe that the daughter-cell will behave 
differently in this point from the mother-cell. As we see, 
according to this version, there is no question at all about a 
process of fusion, certainly not of the chromatin substance. 
This will only be distributed (vertheilt) equally to the two 
daughter-nuclei formed by the first segmentation. It is there- 
fore difficult to fix exactly the moment of true fertilization 
according to this view. H.van Beneden fixes it at the moment 
(see below) when the two pronuclei are complete. In 
his definition of fertilization, however, he goes somewhat 
further. Since the sperm-cell, after nipping off a part of its 
element, is somewhat different from before, E. van Beneden 
calls it no longer a cell, but a ‘‘male gonocyte;” similarly 
he terms the egg-cell, after the extrusion of the directive 
corpuscles and the perivitelline layers, a ‘ female gonocyte.” 
We quote these names in order that we may define impreg- 
nation in van Beneden’s own words :—“ Remplacement par 
certains éléments dérivés du gonocyte male des parties élim- 
inées par l’ceuf lors de la formation des globules polaires et des 
couches périvitellines” (1. ¢., xxiii, pp. 812 and 402). (“ The 
replacement of certain parts lost by the female gonocyte by 
parts derived from the male gonocyte.”) EE. van Beneden, 
therefore, finds in Ascaris megalocephala, although in 
another way, the same important process as Nussbaum saw in 
Leptodera nigrovenosa, i.e. the equal distribution of male 
and female nuclear elements to the first two daughter-nuclei, 
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If van Beneden is correct in his account we shall get a deeper 
view into the significance of karyokinetic phenomena. I have 
already (I) pointed out my objections to the opposed views 
held by Fol, Brass, and Fraisse, who would regard the groups of 
chromatin threads only as of subordinate significance. In 
view of van Beneden’s account we must ascribe the very 
greatest significance to the appearances and changes in the 
chromatophilous substances. Van Beneden, like Nussbaum, 
comes to the conclusion that this process is exceedingly im- 
portant for the question of heredity, since we must suppose 
that the same process occurs in all following divisions as in 
the first cell-division ; that, namely, in each division the male 
remains separated from the female chromatin elements, and 
distributes itself equal to the daug!*-zr-cells. From this it 
directly follows that each cell of our body contains male and 
female elements, and is thus hermaphrodite. The view held 
by Hensen, who, as is known (vide ‘ Physiologie der Zeugung ’) 
regards the original form of generation as the sexual and not 
the asexual, is in accordance with this. EH. van Beneden, how- 
ever, goes further, and advances a very interesting hypothesis 
as to the significance of the directive corpuscles. If the egg- 
cell, like all cells, is to be regarded as hermaphrodite with 
male elements, these must be extruded before fertilization in 
order to become a new female cell. Now, in the directive 
corpuscles, van Beneden sees the outcast male elements of the 
egg-cell. If this view is correct, then in the formation of the 
spermatozoon, directive corpuscles should be extruded, which 
would here represent the female element. E. van Benedeu 
and Julin (22) have in fact recognised them in Ascaris 
megalocephala. They consider, as the directive corpuscles 
of the spermatozoon, the so-called “corpuscles residuels ” 
which are left behind during the division of the sperm-forming 
cells. I myself have previously (see Rensen, “ Spermato- 
génése,” ‘Arch. de Biol.,’ 1879) suggested the view that the so- 
called paranuclei (Nebenkerne) which appear during the forma- 
tion of spermatozoa may be regarded as the equivalents of 
directive corpuscles. I see that Weismann (‘Zahl der Richtungs- 
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kérper,’ |. c., p. 62) is of the same opinion ; he would, however, 
regard the paranucleus as the “ first directive corpuscle.” 

So significant a work as the one referred to and one so 
greatly revolutionising our previous ideas, could not fail to 
provoke new researches as well as contradiction. Much that 
EK. van Beneden has obtained may be regarded as the assured 
property of science. At the same time the very striking 
assertion that in fertilization we have to deal, not with a 
fusion, but with a distribution of chromatic nuclear sub- 
stance, as well as the closely connected consequence of the 
hermaphrodite nature of the cell, and the significance of the 
directive corpuscles, has been actively opposed. We will now 
turn to the accounts which confirm the facts brought forward by 
van Beneden, as insisted upon in his latest work published in 
conjunction with A. Neyt (24). He allows that in a very 
small number of cases a “fusion”? of the two pronuclei does 
occur (p. 28), but maintains with truth that the process is 
meaningless in face of the fact that it can only be observed 
quite as an exception (“ Les deux éléments (pronuclei) repré- 
sentent ensemble un noyau complet et il est absolument 
indifférent qu’ils accolent et se fondent ou non l’un avec 
Vautre puisque, chez lAscaris, cette fusion n’a pas lieu dans 
Vimmense majorité des eufs”). Again, on p. 36, van Beneden 
rightly points out the difficulty which exists in those cases where 
both pronuclei are situated close to one another; here it is 
impossible to determine whether the chromatin of the two 
pronuclei has met and fused or not. It is then, of course, 
inadmissible to assert in such cases that a true fusion has 
taken place. To all such uncertain cases there is always 
opposed the majority in which we can be positive that no 
fusion occurs at any time. 

Boveri (34) is, in regard to the fusion, quite in agreement with 
van Beneden ; so also is Kultschitzky (115, 116), whose prepara- 
tions have been submitted to me, and with whom I fully agree. 
We are unable to establish a fusion in a single Case. 

It seems to me especially valuable that in quite a different 
object—Arion empiricorum—van Beneden’s account can 
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be confirmed in every essential. I therefore give the following 
abstracts from Platner’s work (160) so far as he deals with the 
process in question :— 

In Arion the long thread-like spermatozoon does not enter 
at any definite point. The egg-nucleus (female pronucleus) 
remains at the place whence the directive corpuscles were 
extruded (Richtungspol). While the spermatozoon approaches 
the egg-nucleus a clear halo appears round the chromatic sub- 
stance of the head; the latter, as well as the tail, becomes 
colourable, but the tail only so far as it lies inside the egg, 
not that end which projects outwards. 

Several spermatozoa never enter at once ; if a second reaches 
the egg after one has already taken possession of it, it atrophies 
without undergoing any peculiar changes. 

In case the spermatozoon enters before the directive cor- 
puscles are extruded, a larger sperm-nucleus is formed ; 
in other cases this is smaller. As this observation con- 
firms O. Hertwig’s, Platner agrees with him in its signi- 
ficance, that in the first case the developing male nucleus can 
take up part of the nucleoplasm which, during the formation 
of the directive corpuscles, is disseminated in the egg-proto- 
plasm. The remnant of the germinal vesicle (egg-nucleus, 
female pronucleus) undergoes the following changes :—There 
appear in it a number of nucleolar-like bodies of an irregular 
angular form, which at first stain equally throughout. Later 
on they become spherical, and then in each sphere three 
regions can be recognised, a central pale region, which takes 
no stain, and two deeply staining chromatin spherules attached 
to its poles. Each such pale spherule, with its two chromatin 
spherules, Platner calls a ‘‘ karyosoma.” ‘Two stars are now 
formed about the egg-nucleus and the membrane disappears. 
About this time the unaltered sperm-head, around which also an 
aster is apparent, enters the membraneless egg-nucleus and 
loses its aster. Platner would now call the nuclear structure 
present in the egg, in which both male and female elements 
are present, the “ Furchungskern” (segmentation-nucleus). 
The clear portion of the (female) karyosoma now becomes 
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changed into the achromatic threads of a nuclear spindle, 
whilst the chromatin spherules collect at its equator. At the 
same time, by division of the whole clear halo of the chromatic 
substance of the male nucleus, two male karyosomes are formed, 
which, however, do not at first share in the changes in the 
female karyosome. All that part arising from the protoplasm 
and paranuclei of the sperm mother-cell (“‘spermatide” of 
La Valette St. George), i.e. the tail and a small pale body 
between the head and the tail, will be cast off, and will gradually 
break down in the protoplasm of the egg-cell. Thus, the two 
male karyosomes arise only from the nuclear part of a 
spermatozoon. 

The pale substance of the male karyosome, also, probably 
become achromatic spindle-threads, while the chromatin spheres 
divide, so as to give eight spherules, which are united in 
couples to form double spheres. These eight (or if we reckon 
only the double spheres, four male chromatic elements) become 
associated with the female chromatin spheres, and all the 
chromatin spherules arrange themselves as an equatorial plate 
(Mutterstern) ; four spherules form one group. From sixteen 
to twenty such groups are present in the equatorial plate ; it is 
impossible to count them accurately. A fusion of male and 
female chromatin spherules is not proved. Platner says, on 
p. 67: “In Arion the two karyosomes arising from the head 
of a spermatozoon apparently arrive in the cavity of the egg- 
nucleus, but a fusion with its contents does not occur; rather 
the male and female nuclear portions separately take a share 
in the construction of the segmentation spindle.” Every group 
of four fuses into a larger chromatin spherule (chromosome). 
These chromosomes stretch along the spindle figure, and become 
converted into short rods; then follows Flemming’s typical 
longitudinal splitting of the chromosomes into two halves, 
which now, as in ordinary mitosis, separate towards the poles, 
in order to form the chromatin of the first two segmentation 
spheres. With regard to the question of fusion, Platner’s 
observations on Arion agree very well with those of van 
Beneden on Ascaris; but a striking difference is to be noted, 
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that the mass of male and female chromatin is unequal, whilst 
in Ascaris, as already stated, a perfect equality exists. 

Carnoy (I. c.) stands, so to speak, midway between the 
followers and opponents of E. van Beneden. 

In his two works, ‘ La vésicule germinative et les globules 
polaires de l’Ascaris megalocephala, and ‘La vésicule 
germinative et les globules polaires chez quelques nématodes,’ 
vide the journal published by him, ‘La Cellule,’ t. ii and in, 
1886, he comes to the conclusion that in many cases a fusion 
gives rise to a segmentation-nucleus in O. Hertwig’s sense ; 
but in many cases this is not so, and in these cases segmenta- 
tion commences before a conjugation of the pronuclei occurs. 
If this were so, the fusion would have no special significance. 
Nussbaum (148) and O. Zacharias (210) strongly support fusion 
as aregular occurrence. Zacharias, who has followed minutely 
the process of fertilization in Ascaris megalocephala 
since E. van Beneden and Carnoy, believes that van Beneden 
has overlooked the stage of fusion. Two examples in this 
species are discussed. In the first case two chromatin sphe- 
rules remained after the extrusion of the directive corpuscles 
from the chromatophilous substance of the germinal vesicle ; 
the intrusive spermatozoon exhibited just such another couple 
of spherules, and so far E. van Beneden’s account was con- 
firmed. Now, however, a male and female spherule united to 
form a nuclear-like structure, after forming a membrane round 
themselves. This divided up into a great number of micro- 
somes, which became mingled with one another and gathered 
up into a thread-skein, so that it was impossible to distinguish 
therein the male and female elements. Obviously these two 
nuclear-like structures thus transformed are van Beneden’s 
two pronuclei. When, later on, the first segmentation occurs, 
there is no further fusion of the chromatin thread-skeins of 
these two pronuclei. ‘The nuclear membrane around each 
chromatic skein disappears. Hach skein divides up into two 
V-shaped loops, each of which then splits longitudinally to form 
two sister-threads. The eight loops, now present, arrange them- 
selves as a mother-star around the spindle figure which has 
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appeared meanwhile. Four of the loops pass to each pole, as 
constituents of one of the two daughter-nuclei, and then 
cell-division follows. Zacharias describes the course of events 
in the same way as van Beneden, excepting that the latter 
has overlooked the facet that in each of his pronuclei the 
fusion between the male and female chromatic elements 
had already taken place when they began their transformation 
into thread structures. ; 

In the second example the process occurs, according to 
Zacharias, in the following way :—LHither all four chromatin fer- 
tilizing granules (two male and two female) are enclosed together 
in a common nuclear membrane, or the two male by themselves 
and the two female by themselves. When all four are enclosed in 
a membrane the division into microsomes takes place, followed 
by the mixture of these, together with the formation of a thread 
structure, the four loops, longitudinal splitting, and so on, as 
usual. Zacharias considers as the act of fertilization the 
mingling of the microsomes so that one can no longer distinguish 
male and female elements. When the two male granules and 
two female granules are enclosed separately, then matters go 
on in the way E. van Beneden has described as being the rule, 
without any exceptions, and the further course of events fur- 
nishes the proof. Zacharias found that, as van Beneden 
states, each of the now sexually differentiated pronuclei 
can become matured in the way described, but then not 
merely does a simple exchange of threads occur, as van Beneden 
figures, whereby the male is always distinguishable from the 
female, but both pronuclei fuse before the formation of dis- 
tinct thread-loops into a simple microsome stage, so that it is 
no longer possible, in the later stages, to separate the male and 
female elements from one another. Van Gehuchten also 
upholds the fusion of the male and female nuclear elements, 
although he thinks the first of the modifications described by 
Zacharias cannot occur. 

O. and R. Hertwig (96) also came to the conclusion that 
the egg-nucleus and the sperm-nucleus must completely per- 
meate (‘‘ eindringen’’), as a simple exchange of separate chro- 
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matin threads in van Beneden’s sense does not agree with the 
conditions observed by them. They found that when a sper- 
matozoon penetrates into a non-nucleated but still living 
portion of egg-protoplasm, the former can be converted into 
a thread-spindle. Again, when the zoosperm and the egg- 
nucleus do not meet, they acquire the power of becoming 
karyokinetically differentiated directly they are merely lodged 
in the egg-protoplasm. The Hertwigs therefore conclude 
that the plasma of the egg-cell, as well as the substance of 
the spermatozoon, must be endowed with peculiar powers, 
which act upon one another when both portions come into 
contact. Again, Kolliker (108) contributes various doubts, 
which have their origin in the fact that some of van Beneden’s 
figures themselves point to a fusion, and that the separa- 
tion of male and female nuclear substance in the daughter- 
cells formed after the first has not yet been proved. A. 
Schneider’s important memoir (180) also advocates fusion. In 
the conjugation of Anoplophrya circulans (an Infusorian) 
the two nuclei appear as two transversely placed parallel strings, 
which pass from the middle of one individual to that of the other. 
After conjugation each of the two individuals contains two half- 
nuclei, that is, one half of its own previous nucleus, and a half 
of that of its fellow. The two half-nuclei must now completely 
fuse to form one new nucleus. Schneider’s account of the 
nucleoli! is peculiar. Each of the copulating individuals con- 
tains four of them. Whether these are also exchanged he leaves 
undetermined. On the other hand three nucleoli disappear, 
for after copulation only one remains. Have we perhaps here 
to do with directive corpuscles ? | 

I must point out that the adherents of ‘‘fusion” have 
hitherto given us no clear notion as to what is to be under- 
stood by it. Again, the expression “ Durchdringung ” used 
by the brothers Hertwig does not help to explain matters. 
By all observers we find it recorded that the chromatophilous 
male and female elements divide inte “ microsomes ”—in the 
Balbiani-Pfitzner sense. Those who support a ‘ fusion” can, 

' © Paranuclei”’ or “ micronuclei,” Tr. 
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at the most, say that a “ mingling ” of microsomes with one 
another occurs in such a way that it is impossible to distinguish 
the male from the female during the process. In fact, we come 
from van Beneden’s male and female loops to male and female 
microsomes, and we shall be able to answer the question 
about the more minute processes of fertilization and about 
the hermaphroditism of cells, only when we succeed in dis- 
tinguishing male from female microsomes by means of some 
reagent. 

The recent statements of Bohm (81) from Kupffer’s laboratory 
in Munich are well worthy of study in this respect. According 
to him, the male and female pronuclei which are formed after 
the entrance of the spermatozoon in the lamprey divide into 
pieces (Spermatomeriten, Karyomeriten). These pieces then 
form two separate groups, although lying close together, and 
one can distinguish for along time the two kinds of “ merites,” 
the male from the female, by microchemical tests. Each 
merite consists of an envelope with little chromatin, and a 
kernel lying within it rich in chromatin, the “ microsome.” 
The definite segmentation-nucleus—I quote textually—arises 
by the envelopes (or body) of the karyo- and spermato-merites 
fusing to form a homogeneous mass in which lie the micro- 
somes, the sex of which can no longer be distinguished. The 
chromatic portion of the karyokinetic figure is formed from the 
microsomes. We have here a clear observation of a fusion of 
the achromatic constituents, but the discrimination of the male 
from the female microsomes still baffles our microscopic 
methods. 

Quite a new point of view is opened up by a work by Weis- 
mann and Ischikawa (204a), which reached me during the 
printing of these lines. They found thatin Moina paradoxa 
the intruding spermatozoon first fuses with one of the four 
segmentation-spheres which have arisen by the second act 
of segmentation, and not with the whole of the still un- 
segmented egg-cell. In Sida copulation does not occur until 
after segmentation, but in the two-cell stage. In Daphnia 
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pulex, on the contrary, it occurs in the stage with eight 
cells. . 

In the very brief note (‘ Ber. d. naturf. Gesellsch. zu Frei- 
burg.,’ Bd. iv. pt. 1, 1888), it is not stated how the fusion 
takes place, whether only the nuclear structures, or whether 
also cellular portions conjugate. The authors think that the 
cells arising from the copulation will become reproductive cells. 

In so far as the nuclear structures are obviously concerned 
in the process of copulation, the idea presents itself that the 
power of transmitting by heredity is to be looked for in the 
nucleus. In fact, after the publication of Hertwig and van 
Beneden’s researches on copulation—many soon made up their 
minds that the nucleus was to be regarded as the only carrier 
of the material substratum of heredity. O. Hertwig (98) must 
be mentioned as the founder of this view, followed then by 
KGlliker (108), and most recently by Weigert (202) in his 
excellent article, ‘“ Neuere Vererbungstheorie.” Kolliker 
especially has discussed in detail the reasons for and against, 
which are of importance in the doctrine that the nucleus is the 
transmitter of heredity. I recognise fully and completely that 
many and weighty reasons can be brought forward as to the 
importance which the nucleus has on the shape and re- 
generation of lower organisms;' but, nevertheless, I must 
point out, that as yet no very conclusive evidence has been 
furnished. 

This would be furnished if we knew, absolutely certainly 
for any form of spermatozoon, that no part of the protoplasm 
of the mother-cell entered into its constitution ; or that, even if 
the protoplasm did form part of it, the former did not accom- 
pany the latter in the process of fertilization. 

But we are not in a position, either in regard to spermato- 
genesis, or as to the analysis of the phenomena of fertilization, 

1 In order to cite one instance, I mention the beautiful researches of A. 
Grube on Stentor ceruleus (88). If a fragment of the nucleus remains 
in a portion, however small, cut off from this animal, this portion will grow 
into a perfectly normally formed Stentor, which will not be the case with 


a portion without a nucleus. Nussbaum (47) arrived at similar results in 
Gastrostyla vorax, an Oxytrichine. 
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to be able to speak with perfect certainty about the one or the 
other, even when we take count of the beautiful researches 
of Strasburger on the fertilization of Phanerogams, Jena, 1884. 
On this point cf. also Flemming’s assertions (61) and Prings- 
heim’s statements, ‘ Sitzungsber. d. k. Preuss. Akad. d. Wis- 
senschaften zu Berlin,’ 1882, June 2. 

Nussbaum (Il. c.) regards fertilization as essentially a con- 
jugation of cells. I do not think, at least, that Nussbaum 
can be quoted as a decided champion of pure nuclear fertiliza- 
tion, as Kolliker does (‘ Zeit. f. wiss. Zool.,’? Bd. xlii, p. 516). 
K. van Beneden, whilst he formerly left it somewhat doubtful, 
says quite decidedly in his most recent work, that the proto- 
plasmic portion of the spermatozoon of Ascaris megaloce- 
phala takes no share in fertilization (“Il résulte avec une 
absolute certitude de l’étude du développement de l’Ascaris, 
que le corps protoplasmique du spermatozoide dégenére et 
mintervient pas dans l’édification du corps protoplasmique de 
la premiére cellule embryonnaire que le noyau du zoosperme 
est le seul élément paternel fourni a lceuf féconde”’). But, 
in fact, if it is so held, as E. van Beneden describes, that the 
protoplasmic portion of the zoosperm disappears in the pro- 
toplasm of the egg-cell without a trace; then the male proto- 
plasm unites, if not formally, yet materially, with the female 
protoplasm. Is this altogether without significance? Matters 
would be different if, during the entrance of the spermatozoon 
into the egg, the protoplasmic portion of the former became 
separated in any way, and did not reach the egg. We find, 
too, the statement by Platner, as previously mentioned, that 
the protoplasmic portion of the spermatozoon reaches the egg 
and behaves in accordance with van Beneden’s account for 
Ascaris, viz. it separates itself completely from the nuclear 
element of the zoosperm and loses itself in the egg-protoplasm : 
accordingly a material fusion of both sorts of protoplasm occurs 
here also. 

J. Frenzel, who also assigns to the protoplasm a share in 
fertilization, relies on the existence of non-nucleated lower 
forms of life, such as the Bacteria. I must, however, confess 
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that Weigert seems to me to be quite correct in the reasons 
which he brings forward in opposition to Frenzel with regard 
to this. 

But the whole question assumes another aspect, if we take 
into consideration the most recent efforts to find another 
elementary organism than the cell. There is no doubt that 
the cell and nucleus can no longer lay claim to the title 
* Hlementarorganismen.” I will not here inquire whether 
Béchamp-Estor and Altmann are in the right as to the 
‘‘granules” described by them, and whether we have to 
regard these as the true elementary organisms. I will only 
point to the very great importance which the “ microsomes ” 
(first so named by Hanstein (86), and recognised by Balbiani 
and Pfitzner in the chromatic threads) have acquired in karyo- 
kinesis. Van Beneden’s work affords abundant justification 
for such a view. Now, if it is true, as van Beneden repeatedly 
insists, that the granules of the nucleus are connected with 
the granules of the protoplasm by means of threads, and 
when the continuity of the constituents of nucleo-plasma and 
cell-plasma is supported by other workers, such as Leydig 
(126) and Stricker (196), in the most decided way, where is 
the possibility, with the knowledge at present at our command, 
of being able to decide such an important question as that 
about the carrier of the property of heredity? I readily 
acknowledge the claim of the proposed hypothesis, for good 
hypotheses help the matter: but we must not conceal from 
ourselves the difficulties which still remain, and so hinder the 
further progress which we have to strive after. | 

The theory of the hermaphroditism of the cell, and 
the significance of the directive corpuscles as out- 
cast male or female elements, has met with the greatest 
opposition. As far as I know, this theory was first put for- 
ward by Chas. 8. Minot; it was later on accepted by Balfour 
(10). 

Minot (138) holds the following view :—The egg extrudes, 
at a certain time of its existence, the directive corpuscles, 
accompanied by peculiar phenomena (formation of amphi- 
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aster). In the same way as the directive corpuscles the sper- 
matozoa are extruded from a mother-cell, and the mother-cell, 
comparable to the egg-cell, remains behind; here, too, a 
formation of amphiasters occurs. Thus in both reproductive 
cells (“ gonoblasts”’ of Minot) there occurs the same striking 
phenomenon of the appearance of two cellular elements, 
accompanied by very marked karyokinetic processes ! 

Now, says Minot, since in the one case the large persistent 
cell is female, we are led to conclude that also the remnant of 
the sperm mother-cell is female; and since, further, the 
extruded sperm-forming cells are male, we may argue for the 
male nature of the directive corpuscles. Minot draws a 
parallel, therefore, between the directive corpuscles of the egg 
and the spermatozoon ; and herein differs from van Beneden, 
who has regarded as the directive corpuscles in sperm-formation 
those structures which were above spoken of as “ corps resi- 
duels.” Minot yet further arrives at conclusions as to the 
bisexuality of the cell, by the simple reflection that, since 
Martin Barry’s time, we have become acquainted with the 
union during fertilization of egg and spermatozoon; conse- 
quently the fertilized egg must be hermaphrodite. From this all 
other cells arise by division, therefore these are also hermaphro- 
dite. Minot’s idea is interesting and logically consistent, not- 
withstanding that it lacks conclusive facts as a basis ; it is simply 
a deduction from the presence of the directive corpuscles, and for 
these a series of other meanings is admissible. But if E. van 
Beneden’s observations are rightly interpreted, a surer support 
is given to the bisexual nature of the two first segmentation- 
spheres, and thereby amore significant advance is made. E. van 
Beneden must therefore, without any doubt, be regarded as 
the real founder of the doctrine of the bisexuality of cells. 

Minot also says with reason that, on the ground of the 

1 With regard to the hermaphroditism of cells, the reader should compare 
Sabatier (175). By him the germinal vesicle is represented as the female 
element of the egg-cell; the follicle cells, which, according to Sabatier, are 
formed by the egg, are regarded as the male element. The spermatozoa of 


the Decapods studied by him arise in large cells, the “ protospermatoblasts,”’ 
and are homologous with the epithelial cells of the Graafian follicle, 
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doctrine of bisexualism of cells and the significance of the 
directive corpuscles as extruded equivalents of spermatozoa, we 
must expect that in parthenogenetically developing eggs 
no directive corpuscles would be formed. The parthenogenetic 
ege receives no spermatozoa, since it develops without being 
fertilized, and has therefore clearly no need for extruding its 
male element. As a matter of fact, up to that time, no direc- 
tive corpuscles had been observed in parthenogenetic eggs. 

The doctrine of cell-bisexualism and the interpretation of 
the directive corpuscles as extruded male elements has now 
received the first and I must say very severe blow through 
the recent researches of Weismann and Blochmann. Weismann 
and Ischakawa (203, 204) found that in various parthenogene- 
tically developing Crustacea—e. g. Polyphemus, Oculus, 
Moina paradoxa, Daphnia longispina, and others, 
directive corpuscles are indeed formed; but, as must be re- 
garded as a very remarkable fact, never more than a single 
one, whereas in the rest of the animal kingdom two or three 
of them are present. The observations of Blochmann (‘ Biol. 
Centralbl.,’ 1887, No. 30) are well worthy of attention in this 
respect; they establish that in Aphis the parthenogenetic 
eges extrude only one directive corpuscle, while by those which 
develop after fertilization two are extruded. 

Weismann, to whom we are indebted for a series of very 
excellent and extremely suggestive contributions on general 
biological problems, especially on the formation of varieties, 
on fertilization, and on heredity,' has made no delay in coming 
forward with another explanation of the directive corpuscles 
(‘ Ueber die Zahl der Richtungskorper und tiber ihre Bedeutung 
fiir die Vererbung,’ Jena, 1887). 

In order to be able to reproduce in an easily intel- 
ligible manner Weismann’s most interesting interpretations of 
the directive corpuscles, I must refer briefly to our author’s 

1 “Ueber die Dauer des Lebens,’ Jena, 1882; ‘Ueber die Vererbung,’ 
Jena, 1883; ‘ Ueber Leben und Tod. Line biologische Untersuchung,’ Jena, 
1884; ‘Die Continuitat des Keimplasmas, als Grundlage einer Theorie der 


Vererbung,’ 1885; ‘Die Bedeutung der Sexuellen Fortpflanzung fiir die 
Selectionstheorie,’ 1886, 
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already quoted work, ‘Die Continuitaét des Keimplasmas,’ &c. 
According to Weismann, with whose views Nageli’s theory of 
“‘idioplasm” (144) agrees in its essential features, we must 
recognise as the basis of all organic cells—and therefore of all 
organic beings—two different kinds of living substance (plasma) 
which essentially make up the cell body and nucleus. The one 
substance is generative, formative, directive, and transmitting— 
the so-called ‘“‘Kernplasma” (corresponding essentially with 
Nageli’s “ idioplasma ’’), the other (‘‘ Ernahrungsplasma ”) acts 
as the formed, nourishing, assimilating, mechanical substance. 
The former—Kernplasma—we must, according to the recent 
publications above reported on, seek for in the nucleus; the 
other chiefly in the cell body. Weismann believes that the 
Kernplasma directs, as it were, the whole being of the cells, 
brings about its division and its elaboration to a given form, 
whereas the “ Ernihrungsplasma ” has to attend to the incep- 
tion of new material for the support and growth of the cell, 
and at the same time serves as muscle-plasma, nerve-plasma, 
&c., for mechanical and other functions. The Kernplasma 
must be regarded as the form-giving, the essentially vitalizing 
element in every cell. It is especially abundant in egg-cells, 
as is natural. By the successive divisions of the egg-cell it 
must evidently pass into every cell of the body to a certain 
extent, since it is constantly being increased by the activity of 
the second or nutritive constituent—the “ Ernahrungsplasma.” 
Weismann further believes that Kernplasma exhibits two modi- 
fications, herein adopting an idea first formulated by Nussbaum 
(146). The one, the fundamental form of Kernplasma, is only 
sexual in character,is concerned only in reproduction; it is found 
onlyin the reproductive cells; the second arises from the first, and 
is that which later on is concerned in the division, growth, and 
shaping of the various cells of the body, even of the reproduc- 
tive cells (i. e. the egg- and sperm-cells) ; it hasa histogenic 
nature, whereas the primary form of Kernplasma has a sexual 
character, the latter being the vehicle of hereditary phenomena, 

Now, if the egg- and sperm-cells have both kinds of Kern- 
plasma, the histogenic and the sexual,the question arises whether 
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it is convenient that, at the moment of fertilization, they should 
still contain the two kinds? Weismann thinks that this ques- 
tion must be answered in the negative. It must be beneficial 
to the phenomenon of fertilization and development, if the 
originally sexual form of Kernplasm (the “ Keimplasma,” as 
Weismann calls it, in opposition to “histogenic Kernplasma’’) 
is alone present. And therefore the histogenic Kernplasma of 
the egg-cell is extruded as the first directive corpuscle. 

Even the case of eggs developing parthenogenetically is now 
intelligible, since we ought to find in them at least one 
directive corpuscle. 

As for the second directive corpuscle, Weismann came to 
the following conclusion :—When in a sexually developing egg 
the spermatozoon reaches the egg-cell, it brings of course its 
Keimplasma to the egg-cell. We will call the female Keim- 
plasma, which remains in the egg-cell of a supposed first genera- 
tion a, that of the approaching male cell is a, ; so the fertilized 
ege-cell hasa Keimplasma of acompositiona+a,. In this state 
the Keimplasma now passes over into the sexual cells (eggs and 
spermatozoa) of the offspring, which develop into the second 
generation. The same will happen for a sperm-cell of this 
generation ; which since it arises from other parents, has, we 
will suppose, a plasma-formula 6+4,. Now, if an egg with 
plasma a+qa, is fertilized by a spermatozoon 6+4,, the Keim- 
plasma of the third generation will have a composition of 
a+a,+b+6, We now take the fourth generation in which 
there comes to an egg with Keimplasma of value a+a,+6+6, 
a spermatozoon with the same grade of composition of Keim- 
plasma—i. e. with a formula c+¢,+d+d,. So that the egg- 
cells and sperm-cells arising from this fertilization have a Keim- 
plasma with a composition a+a,+6+4,+e+¢,+d+d,. And 
so it is easily shown that, assuming only the Biblical age of 
mankind, the egg- and sperm-cells of existing human beings 
must havea similar but immensely complicated composition of 
their Keimplasma. But still another reflection arises :—In each 
nucleus of a certain size, evidently only a certain amount 
of Keimplasma can be present. If, therefore, the Keim- 
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plasma of the mother of the first generation be a, and that of the 
father a,, then the Keimplasma of the offspring has a composi- 
tion a+a,; therefore we must say, with regard to the amount 


of the latter, that it has a formula c+o= since, 


otherwise, the cells in the offspring would contain double as 
much Keimplasm as those in their parents. In the same way 
we must, if we would calculate the relative quantity, give to 
the keimplasm of the third generation the formula a 
And so there must occur in each generation a further halving 
of the received “ Ahnenplasma” (ancestral plasma), as Weis- 
mann calls the Keimplasm inherited from predecessors ; that 
is, the masses of every one of the different Ahnenplasmas must 
diminish in geometrical progression. If we take again the 
Biblical age of mankind as a basis (5000 years), and for every 
100 years reckon three generations, the amount of any one 
Ahnenplasma, say a, which would be present in the existing 


generation, would be expressed by the formula 7 : an amount 
the smallness of which is inconceivable. If we also suppose 
the Ahnenplasma to consist of “ units ” or granules so small as 
to be no longer divisible without losing their character as an 
hereditary substance, we shall arrive very soon at the limit of 
division ; in other words, the reproductive cells of any existing 
animal or plant contain already as many different Ahnen- 
plasmas as they can take up. How then can a reproduction 
with heredity take place to-day, when, since we cannot reduce 
the unit further, the mass of Keimplasma in each fertilization 
must be doubled ; which is not tenable, since each nucleus can 
only contain a certain amount of Keimplasma? 

The remedy for this is, according to Weismann’s hypothesis, 
afforded by the extrusion of the second directive corpuscle. 
Just so much “ Ahnenplasma”’ as arrives through fertilization 
will thereby be eliminated each time, and herewith the neces- 
sary corrective will be applied. But at the same time some- 
thing else is attained and explained herewith. The “ Ahnen- 
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plasma”? eliminated from any given egg-cell is not always 
equal to that eliminated by any other egg-cell of the same 
parent ; at any rate it is not necessarily so. 

Let us therefore suppose in one mother the formula of the 
Keimplasma to be a+a,+0+06,+¢+¢,+d+d,+e+e,4+f4+f ; 
all the eggs produced by her will have a Keimplasma of this 
composition. Suppose three of her eggs are fertilized, and 
from them three offspring arise, by means of spermatozoa 
whose Keimplasma formula is 0+0,+p+p,+9+q, (it need not 
be of the same generation as that of the egg; it may therefore 
have a less complicated constitution). From the first egg, then, 
a second directive corpuscle might be extruded, with a formula 
a+b+c+d+e+f; from the second egg, one having a formula 
a,+6,+¢,+d,+e,+f,; from the third, one with the formula 
at+ta,t+ce+ce,+d+d,. Then, after fertilization, the three eggs 
would have a Keimplasma of equal dignity, according to the 
grade of composition, but not of equal kind of composition, as 
appears thus: 

Egg Lath+¢4+4,+4+/A+0+9+ptatgtn 
Egg Il. a+d+e+d+et+/f+toto+pt+p+9+4: 
Egg HI. 6+4+e+et+f+fAtoto+t+pt+pyt+qtn 

Weismann comes to the conclusion that by this means may 
perhaps be explained the variations (individuality) which, 
according to experience, the offspring of one and the same 
pair of parents exhibit. He also remarks on the relations of 
twins. It happens, as is well known, that twins may be so 
much alike as to be mistaken for one another. For these, 
the origin from one egg must be taken as probable, whereas 
other twins, which do not resemble one another, owe their 
origin probably to eggs fertilized at the same time. Weismann’s 
idea is exceedingly suggestive, and allows of many applica- 
tions. One example may again be pointed out. He explains 
why in parthenogenetic eggs only one directive corpuscle is 
extruded, since this does not consist of the “ Ahnenplasma,” 
which is removed only by the second directive corpuscle. 

Weismann, and before him Strasburger and Hensen (90), 
have called attention to a matter which offers an insuper- 
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able difficulty to the doctrines of Minot, Balfour, and E. van 
Beneden. It is the simple fact, which it is astonishing that the 
authors concerned have not seen for themselves, of the trans- 
mission of male ancestral characters through the mother, as, 
for instance, is frequently exhibited by children inheriting pecu- 
liarities of their grandfather on their mother’s side. According 
to Minot, Balfour, and van Beneden this would be impossible, 
for the mother must have extruded as directive corpuscles from 
her egg-cells all constituents which had been received from her 
father. The upholders of the original bisexuality of the egg- 
cell must suppose that each time a small remnant remains 
behind ; but then there would be no sense at all in eliminating 
anything. By their theory, too, the second directive corpuscle 
receives no satisfactory explanation. 

In order to be as exhaustive as possible in regard to the 
directive corpuscles, I will yet mention the older theories 
which have dealt with the significance of these bodies. In 
earlier times they were simply regarded as excretory products 
which the egg got rid of in order to become as much purified 
as possible before fertilization. Then, some like O. Hertwig 
(1. c.), and others, such as v. Jhering (100), and Kélliker (108), 
regarded them as a means of removing the inequality in size 
between the germinal vesicle and the head of the spermatozoon. 

Whitman (206), with whom Flemming (61) agreed, regarded 
the process as a phylogenetic remnant of a parthenogenetic re- 
production by simple division of the egg-cell, which was present 
universally in our earlier ancestors. Biitschli’s view (48), 
which was maintained recently by O. Hertwig in his excellent 
‘ Lehrbuch der Entwicklungsgeschichte,’ as the most acceptable, 
depends on the following considerations :—For a long time past 
the conclusion has been established that developmentally a 
sperm mother-cell is the exact equivalent of a primary egg-cell. 
If we suppose, with Pfliiger (158), that the primary eggs can 
still divide, and that then the products of repeated division 
appear as the definitive eggs, which is not certain in all case, 
even then the number of divisions of a primary egg-cell is small 
in comparison with the number of divisions which a primary 
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sperm-cell undergoes till the final product, the spermatozoon, 
are attained. Biitschli thinks that he can find in the extrusion 
of the directive corpuscle from the egg-cell an analogy with 
the behaviour of the equivalent primary sperm-cell. 

Biitschli’s theory would fall to pieces if it be established 
that sperm mother-cells also give rise to directive corpuscles. 
This is a postulate whether we believe in the bisexuality of 
cells with E. van Beneden (not Minot), or in Weismann’s 
theory. I have already mentioned that E. van Beneden has 
described in Ascaris megalocephala certain facts which 
can be explained in the simplest way as an extrusion of direc- 
tive corpuscles during sperm-formation. If, then, these bodies, 
originally scarcely heeded, should turn out to be perhaps of 
great importance, we might adopt E. van Beneden’s view, or 
acknowledge that of Weismann. ‘To the difficulties which 
oppose van Beneden’s explanation I have already alluded. 
Whether Weismann’s hypothesis will, after further researches, 
turn out to be tenable remains to be seen. It may be added 
that the assumption of two modifications of Kernplasma—viz. a 
‘“‘Keimplasma” and a “‘histogenic Kernplasma”’—has acquired 
substantial support through A. Gruber’s observations on the 
conjugation of Paramecium aurelia (81). In thisanimal a 
chief nucleus and a paranucleus can be distinguished ; only the 
latter is concerned in conjugation. During and after conjugation 
eight young nuclei arise from the paranucleus ; the nucleus 
divides up into numerous small pieces. Four of the products 
of the paranucleus unite to form a new paranucleus ; the four 
others unite with the fragments of the old nucleus, and thus 
form the new nucleus. Gruber’s idea that the paranucleus 
contains essentially the Keimplasma, and the nucleus histo- 
genic Kernplasma seems to be well founded. 

Boveri’s (35) highly important observation recently pub- 
lished must also be mentioned here, viz. that in the repeated 
divisions of the egg of Ascaris megalocephala a difference 
in the structure of the nucleus is soon shown. The two first seg- 
mentation-spheres are readily distinguishable from one another 
as soon as they prepare for further division, One sphere (a) 
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shows distinctly the four chromatic threads; the other (8) 
shows them only indistinctly, and later on its chromatin is 
only to be seen in the form of numerous isolated granules. 
The segmentation-cells arising from the sphere B in all the 
generations always showed these conditions during division, 
while from sphere a two spheres with four loops arise, a, and 
B,; B, behaves later on like.B, and A, like a. Boveri rightly 
regards this as a strong support of the Nussbaum-Weismann 
doctrine of the separateness of sexual cells, since he regards 
the one, or at most two cells, with distinct loops, as the 
primitive form of “ sexual cells.” 

If we now, in conclusion, try to realise the gain to the 
theory of fertilization from facts recently brought forward, the 
progress will best be rendered evident if we quite briefly review 
the various fertilization theories which have been sug- 
gested from time to time. 

One has always understood by “ fertilization” that influence 
of the male generating substance which renders the female 
generating substance—the egg-cell—completely fit for de- 
velopment. So expressed, the explanation holds also for 
parthenogenetic eggs, for we know that in a series of partheno- 
genetic developments a male generative substance must from 
time to time enter. Here, obviously, a simple fertilization 
suffices for a whole series of generations. 

We know that Spallanzani (188) already in his day disproved 
the theory of the fertilizing influence of the ‘ Aura semi- 
nalis,’ and since his renowned researches it is established 
that, in order to attain a fertilization, a direct material contact 
between male and female generating substance is necessary. 

A considerable advance was made in 1843 by Martin Barry’s 
celebrated discovery (14) that the spermatozoa penetrate into 
the interior of the egg. It was evident that the fertilizing 
influence was closely connected with the spermatozoon; it 
became quite evident, through the researches of O. Hertwig, 
E. van Beneden, Fol, Selenka, and others, that a single sper- 
matozoon is sufficient in order to render fertilization perfect ; 
indeed, that the penetration of more spermatozoa is injurious. 
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The action of the spermatozoon on the egg-cell undoubtedly 
did not become clear immediately after the knowledge of its en- 
trance. Some regarded the action as obscurely ‘“ dynamic,” 
others as “ chemical,” but not to be determined more clearly. 
The knowledge that the penetrating spermatozoon becomes a 
nuclear structure, which has to enter into close relation with 
the nucleus of the egg-cell in order to complete fertilization, 
forms the last advance in our knowledge in this direction. 

We have above discussed the researches on this point in 
detail, and we have seen that with this advance the names of 
O. Hertwig and E. van Beneden must be especially connected. 
Both have indeed described the relation to the egg-nucleus 
differently, and therefore explain in different ways the mode of 
fertilization, so far as this can be understood at all from the 
facts at present known. O. Hertwig’s view can be described 
as the “ fusion theory,” that of van Beneden as the “ nuclear- 
replacement theory.”” In fact, O. Hertwig and his followers 
see as the essential act of fertilization, the material fusion of 
the male and female nuclear structures to form a single nucleus, 
which becomes the nucleus of the egg-cell, fertilized and more 
perfectly capable of development. 

E. van Beneden lays no stress on fusion, since in fact 
he proved in Ascaris megalocephala that in far the 
greater number of cases no fusion occurs. He states that 
fertilization is complete at the moment when a new 
nucleus (pronucleus) arises from the remnant of the germinal 
vesicle, and from the nuclear constituents of the head of the sper- 
matozoon. A fusion of these two structures is unnecessary, 
since in so very many cases it does not occur in Ascaris. Van 
Beneden is evidently quite right in declaring that fusion is not 
necessary if it does not happen in any given animal. But E. 
van Beneden goes still further in the theoretical discussion of 
fertilization, since he deals with the formation of the directive 
corpuscles. With the formation of these the original nucleus 
of the egg-cell loses a portion of its substance ; the nucleus of 
the sperm mother-cell undergoes a similar loss, so that the 
nuclear portion of the complete spermatozoon is likewise 
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reduced, compared to the nucleus of the original sperm mother- 
cell. The two nuclear structures meeting in the egg-cell are 
therefore, according to van Beneden, not quite complete nuclei, 
and herein lies also the reason, as I understand, why van 
Beneden describes these nuclear structures, not as “ nuclei,” 
but as “ pronuclei.”” Compare also what is further stated below 
as to the number of chromatic loops. 

Since both pronuclei in the egg-cell become incorporated, 
they are complemental one to the other, so as to form a com- 
plete nucleus, without it being necessary that they should 
materially fuse. Both, on the contrary, appear to separate in 
the karyokinesis accompanying the first segmentation. Thus 
E. van Beneden arrives at a clear explanation of fertilization 
in the words previously quoted, “ Remplacement par certains 
éléments dérivés du gonocyte male des parties éliminées par 
Voeuf lors de la formation des globules polaires et des 
couches périvitellines.’” I think, therefore, that EH. van 
Beneden’s conception should be described as the “nuclear 
replacement theory.” 

A third view, which we will call briefly the ‘‘ Pure nuclear 
theory,” has quite recently been put forward by Kultschitzky 
(115, 116). It rests, it should be pointed out, on the results 
of E. van Beneden, which Kultschitzky is able to corroborate 
in all particulars. Kultschitzky adopts E. van Beneden’s view, 
that fertilization is complete at the moment when the two 
pronuclei become perfect. In keeping with the sense of the 
word “ Befruchtung,’ by which is understood that action 
which the male substance exerts on the egg-cell, he prefers to 
say that fertilization occurs at the moment when the “ male” 
pronucleus is completely formed. 

In his conception of the act of fertilization, Kultschitzky ex- 
cludes van Beneden’s more detailed definition “ replacement.” 
He does not get so far as this. The significance to be attached 
to the formation of the directive corpuscles he leaves entirely 
aside, since he is dealing with the definition of that which we 
have to call “Fertilization.” I believe I have correctly ex- 
pressed the difference which exists between van Beneden’s and 
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Kultschitzky’s definitions. Undoubtedly van Beneden’s pro- 
position—“ Fertilization is effected at the moment of the com- 
pletion of the two pronuclei”—gives the basis of Kultschitzky’s 
conception of the act; only here the latter stops, whereas van 
Beneden goes further. 

The considerations which determine Kultschitzky to stop at 
this point, and not to admit a further element in the theory as 
to the mode of fertilization, are briefly as follows: —Kultschitzky 
succeeds in showing that both pronuclei in Ascaris regularly 
forma nucleolus, by which would be proved that the pronuclei 
are morphologically fully developed resting nuclei; and one 
ought not to so understand the name “ pronuclei” that some- 
thing is wanting in them for the constitution of nuclei; for a 
greater or less amount of chromatin or achromatin does not 
matter. Moreover, we know that the nucleus is the principal 
element in the life of the cell, and that it is, if not perhaps 
the only, yet the chief vehicle of heritable properties. If, 
then, the male nucleus is introduced into the egg-cell and. 
becomes an integral part of it, then the male influence is 
assured to the egg-cell and to its offspring, the embryo; herein, 
that is, in the restoring and insuring of this influence, lies the 
essence of fertilization. According to Kultschitzky, then, a 
fusion is not necessary, and the “ replacement” of which van 
Beneden speaks may indeed be present, but can be dispensed 
with, in the definition of fertilization. 

In reference to van Beneden’s “ replacement theory,” it will 
here be proper to point out that he and A. Neyt, in their recent 
work (24), call special attention to the fact that in the rest of the 
body-cells of Ascaris megalocephala at each cell-division 
four primary chromatic elements (chromosomes or loops) 
appear, which, before metakinesis, increase by longitudinal 
splitting into eight (secondary loops) ; so that to each daughter- 
nucleus four loops will be given, which have the value of 
four primary loops (chromosomes). As we have already 
seen, the female pronucleus of Ascaris contains only two 
chromatic loops, which, in view of the later processes of divi- 
sion, have the value of primary chromatic elements (chromo- 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 263 


somes). It provides only these two loops for the first segmen- 
tation. ‘Che number of loops, too, in the male pronucleus is 
reduced to two. Thus in fact the latter is the complement of 
the female, since both taken together have four chromosomes 
to form a “ complete nucleus ;” whereas each taken singly re- 
presents, so far as the number of loops is concerned, only “ half 
a nucleus” compared to the body-cells in Ascaris. 

The three theories mentioned have evidently only claim to 
full value if we are right in neglecting the protoplasm entirely 
in the act of fertilization. 

Since we have before us, in the process of fertilization, a 
process which is common to animals and plants, and has essen- 
tially the same significance in both, the work of botanists 
must be considered to some extent. I will, therefore, in con- 
clusion, give Strasburger’s view, who in this department has 
made the most observations amongst botanists. 

In his comprehensive work (193) Strasburger states that in 
the higher plants a fusion occurs; “ Sperm-nucleus and egg- 
nucleus lie close together, the nuclear membrane becomes lost 
at the point of contact, and the contents of the two nuclei 
unite to form a single one. It can be proved that by this 
process a mixing of the nucleo-plasm of the two nuclei is 
brought about and the nucleoli of the two nuclei also are 
usually seen to fuse with one another.” In opposition to this 
statement, I must not leave unmentioned the fact, strongly 
emphasised recently (191) by the same author, that in the 
resting nucleus the threads are not fused, but always consist of 
the same number of segments as appear during division. This, 
it seems to me, is greatly in favour of van Beneden’s opinion, 
that fusion is unnecessary. 

Strasburger believes that the different views of the process 
of fertilization can be brought under one head if it be granted 
that the union of the nuclei takes place at different stages 
of development in different instances. ‘Thus in Ascaris 
megalocephala the union occurs in a late stage of mitosis, 
when the segmentation-spindle is formed. In Echinoderms, 
however (Strougylocentrotus, as observed by the Hert- 
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wigs), and in plants it occurs in the resting phase. The outward 
signs of the union must naturally be different according to the 
stage at which it occurs. A fusion of two nuclei to form one 
nuclear figure always occurs, even in Ascaris. Stras- 
burger therefore says (p. 230), “I should place the process of 
fertilization in the union of the threads of the sperm-nucleus 
and the egg-nucleus, but the further development of the 
‘segmentation nucleus’ depends on the mixing of the pro- 
ducts of the two nuclei. From the latter circumstance the 
copulation of the nuclear vesicles is easily explained, which is 
brought about in all objects in the most striking manner. The 
essence of the nucleus lies, however, in the nuclear threads, so 
that by the union of these a copulation of the nuclei is always 
brought about, even when the two nuclei, during the fusion, 
are no longer surrounded by a nuclear membrane. Therefore, 
in the future, the definition may well remain, that the essence 
of fertilization consists in the copulation of the sperm-nucleus 
and the egg-nucleus.”’ 

It is here impossible to quote all that Strasburger has 
brought forward in favour of this view. I must, however, 
refer to his important work, so frequently cited, on the process 
of fertilization in the Phanerogams, and ‘ Ueber Kern- und 
Zelltheilung in Pflanzenreiche’ (198, 191). I cannot, how- 
ever, satisfy myself as to the soundness of his arguments. He 
himself says that the essence of the nucleus lies in the nuclear- 
threads, and these nuclear threads do not fuse in Ascaris 
megalocephala. They certainly come close together tem- 
porarily in a division-figure, but this division-figure proves 
that there is no longer a simple fertilized egg-cell under obser- 
vation, but one in course of division in which already both 
division-poles are marked out. But we must place the act of 
fertilization before the commencement of segmentation. I 
therefore believe that we ought to adopt the views of EH. van 
Beneden and Kultschitzky in regard to the question of fusion. 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 265 


BIBLioGRAPHY. 


(1) Aurmayn, R.—‘ Ueber embryonales Wachsthum,” ‘ Sitzungsber. der 
naturf, Gesellsch. zu Leipzig,’ 6 April, 1881. 

(2) Atrmann.—‘ Studien iber die Zelle,’ I, Leipzig, 1886. 

(8) Arnoxp, J.—[a] “Beobachtungen iber Kerne und Kerntheilungen in 
den Zellen des Knochenmarkes,”’ ‘ Virchow’s Arch. f. pathol. Anat.,’ 
1883, Bd. 93. [4] ‘ Weitere Beobachtungen iiber die Theilungsvor- 
gange an den Knochenmarkzellen und weissen Blutkorperchen,’ Ebend. 
1884, Bd. 97. [ce] ‘Ueber Kerntheilung und vielkernige Zellen,’ 
Ebend. Bd. 98. 


(4) Arnotp, Jut.—[a@] “Ueber Theilungsvorgainge an den Wanderzellen, 
ihre progressiven und regressiven Metamorphosen,” ‘ Arch. f. mikrosk. 
Anatomie, Bd. xxx, p. 205 ff, 1887. [4] ‘Weitere Mittheilungen 
uber Kern- und Zelltheilungen in der Milz; zugleich ein Beitrag zur 
Kenntniss der von der typischen Mitose abweichenden Kerntheil- 
ungsvorgange,’ Ebend. Bd. xxxi, p. 541, 1888. 

(5) Aversacu, L.—‘ Organologische Studien,’ Breslau, 1874. 

(6) v. Barr, K. E.—“ Neue Untersuchungen wiber die Entwicklung der 
Thiere,” Froriep’s ‘ Neue Notizen,’ Bd. xxxix, p. 38. 

(7) v. Barr, K. E.—‘ Untersuchungen wber die Entwicklungsgesch. der 
Fische,’ 1835; ‘Ueber Entwicklungsgeschichte der Thiere,’ Bd. ii, 
Konigsberg, i Pr., 1837. 

(8) Baupianz, EK. G.—‘ Sur les phénoménes de la division du noyau cellu- 
laire,” ‘Compt. rend.,’ 30 octobre, 1876. 

(9) Batsiant, E. G.—“ Sur la structure du noyau des cellules salivaires 
chez les larves de Chironomus,” ‘ Zoolog. Anzeiger,’ 1881, N. N. 99 
u. 100. 

(10) Batrour.—‘ Handbuch der vergleichenden Embryologie,’ iibersetzt von 
van Vetter, Jena, 1880-81. 

(11) van BampBexe, Cu.—‘‘ Premieres effets de la fécondation,” ‘ Compt. 
rend, |’Acad. Sc. de Paris,’ t. lxxiv, Nro. 16, 1872. 

(12) van Bampexe, Cu.—‘ Des deformations artificielles du noyau,” 
‘ Arch. de Biologie,’ t. viii, p. 349, 1887. 

(13) Barry, M.—“ On the first changes consequent on fecondation in the 
Mammiferous Ovum,” ‘ Report Brit. Assoc. for the Advance. of Sc. 
10th Meeting,’ 1840 (1841). 

(14) Barry, M.—* Spermatozoa observed within the Mammiferous Ovum,” 
* London Philosoph. Transac.,’ 1843, p. 33. 


266 W. WALDEYER. 


(15) Baum, H.— Zur Lehre von der Structur und der Physiologie der 
Leberzellen,” ‘Bericht tiber das Veterinaérwesen im Konigsreich 
Sachsen f. d. Jahr 1884.? + [Mittheilungen aus dem physiol. und 
histol. Laboratorium von Prof. Dr. Ellenberger. | 

(16) Baumearten.— Zur Lehre von der sogen. Organisation des Throm- 
bus,” ‘ Virchow’s Arch. f. Pathol. Anat.,’ Bd. Ixxviii, 1879. 

(16a) Brxuonci, G.—“Intorno al modo di genesi die un globulo polare nell’ 
ovulo ovarico di aleuni mammiferi;” ‘“Intorno adeun principio di 
segmentazione e ad alcuni fenomeni degenerativi degli ovuli ovarici 


del topo e della cavia,” ‘Memorie della R. Academia delle Scienze 
dell’ Instituto di Bologna,’ t. vi, 1885, p. 363. 


(16) Brtioncr, G.— Intorno alla cariocinesi nella segmentazione dell’ ovo 
di Axolotl,” ‘Atti della R. Acad. dei Lincei,’ ser. iii, vol. xix, 1885. 

(17) Betrzow, A.—* Untersuchungen iiber die Entwickelung und Regene- 
ration der Sehnen,” ‘Arch. f. mikrosk. Anat.,’? Bd. xxii, p. 714. 

(18) van BenepEN, H.—‘ Recherches sur la composition et la signification 
de l’ceuf,”’ ‘Mémoire couronné de |’Académie royale des Sciences d 
Belgique,’ Bruxelles, 1870. 

(19) van BenepEen, E.—“ Recherches sur les Dicyémides,” ‘ Bullet. Acad. 
royale de Belgique,’ 1876. 

(20) van Benepren, E.—“ La maturation de l’euf, la fécondation et les 
premitres phases du développement embryonnaire des mammifeéres 
d’aprés des recherches faites chez le Lapin,” communication prélim- 
inaire, ‘ Bull. de l’Acad. royale de Belgique,’ 2me sér., t. xi, Nro. 12, 
1875. 

(21) van Buneven, E.—“ Contribution a l’histoire de la vésicule germinative 
et du premier noyau embryonnaire,” ibid., t. xli, janvier, 1876. 
Translated in ‘Quart. Journ. Microsc. Sci.,’ vol. xvi. 

(22) van Benzpen, H., er Jutin.—“‘ La Spermatogéntse chez ’Ascaride 
mégalocéphale,” ‘Bull. Ac. r. Belg.,’ sér. iii, t. vil, 1884. 

(23) van BenepEn, E.—“ Recherches sur la maturation de lcuf, la fecon- 


dation et la division cellulaire,’ Gand, Leipzig et Paris, 1883—v. a. 
‘ Archives de Biologie,’ 1884. 


(24) van Benzpen, E., nr A. Neyt.—* Nouvelles recherches sur la fecon- 
dation et la division mitosique chez lAscaride mégalocéphale,” 
‘Bulletins de l’Acad. royale de Belgique,’ 3me série, t. xiv, Nro. 8, 
1887. 

(25) Berecrin.— Ein Beitrag zur Lehre von der Kernvermehrung,”’ 
‘ Medic. Jahrbiicher,’ herausg. von der Gesellsch. der Aerzte in Wien, 
1887. 

(26) Bronp1, D.—* Die Entwicklung der Spermatozoiden,” ‘ Arch. f. mikr, 
Anat.,’ Bd. xxv, p. 594. 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION, 267 


(27) Biscnorr, Tu.—‘‘ Entwicklungsgeschichte des Kaninchen-Hies,” Braun- 
schweig, 1842, 4, Fr. Vieweg. 

(28) Biscnorr, Tu.—‘ Entwicklungsgeschichte des Hunde-Hies,’ Braun- 
schweig, 1845, 4, Fr. Vieweg. 

(29) Bizzozero v. Vassate.—* Ueber die Erzeugung und die physiologische 
Regeneration der Driisenzellen bei den Siugethieren,” ‘ Virchow’s 
Arch. f. pathol. Anat.,’ 1887, Bd. 110, p. 155. 

(30) Brocomann.—* Ueber die- Richtungskérper bei Insekteneiern,” 
‘Morph. Jahrbuch,’ Bd. xii, p. 544. 


(31) Boumu.—* Ueber die Befruchtung des Neunaugen-Hies,”’ ‘ Sitzesb. d. 
math,.-phys. Klasse d. K. Bayr. Akad. d. Wissensch. zu Miincnen,’ 
1887, Febr. 


(32) Bottes Len, A.—“ La spermatogénése chez les Chétognathes,” ‘La 
Cellule,’ t. iv, 1887, p. 107. 

(33) Bortes Len, A.—* La spermatogénése chez les Némertiens,” ‘ Recueil 
zoolog. Suisse,’ t. iv, Nro. 3, 1887, p. 409. 


(34) Boverr, Ta. Ueber die Befruchtung der Hier von Ascaris mega- 
locephala,” ‘Sitzungsberichte der Gesellschaft fiir Morphol. u. 
Physiol.,’ Munchen, 1887, p. 71. 


(35) Boveri, Ta.—* Ueber Differenzirung der Zellkerne wahrend Furchung 
des Kies von Ascaris megalocephala,” ‘ Anatom. Anzeiger,’ 1887, 
Nro. 2, p. 688. 


(36) Boveri, To.—“ Zellenstudien,’ Heft i, “ Die Bildung der Richtungs- 
korper bei Ascaris megalocephala und Ascaris lumbricoides,” 
‘ Jenaische Zeitschrift fiir Med. und Naturwissensch.,’ Bd. xxi, 1887. 


(37) Branpt, A.—‘ Bemerkungen iiber die Hifurchung und die Betheiligung 
des Keimblaschens an derselben,” ‘ Zeitschr. f. wiss. Zool.,’ Bd. xxviii, 
5 ps 587,.187 7. 
(38) Brass, A.—* Die chromatische Substanz in der thierischen Zelle,”’ 
‘Zool. Anzeiger,’ 1883, p. 681, Nro. 156. 


(39) Brass, A.—‘ Biologische Studien,’ Halle, 1883. 


(40) Bitscui1, O.—“ Beitrage zur Kenntniss der freilebenden Nematoden,” 
‘Nova Acta Acad. Caes. Leopold,’ Bd. xxxvi, 1878. 


(41) Bitscui1,O.—* Vorlaufige Mittheilung tiber Untersuchungen betreffend 
die ersten Entwicklungs-Vorginge im befruchteten Ei von Nematoden 
und Schnecken,” ‘ Zeitschrift fiir wissensch. Zoologie,’ 1875, Bd. xxv, 
p. 201. 

(42) Biscuit, O.—* Vorlaufige Mittheilung einiger Resultate von Studien 
uber die Conjugation der Infusorien und die Zelltheilung,” ‘ Zeitschr, 
f, wissenschaft, Zool.,’ Bd. xxv, p. 426, 1875. 


268 W. WALDEYER. 


(43) Birrscut1, O.—* Studien iitber die ersten Entwicklungs- Vorgange der 
Fizelle, die Zelltheilung und die Conjugation der Infusorien,’ ‘ Ab- 
handlungen der Senckerbergischen Naturforsch. Gesellschaft,’ Bd. x, 
1876, p. 218 ff. . 

(44) Borscutt, O.—“EHinige Bemerkungen iiber gewisse Organisations 
verhiltnisse der sogenannten Cilioflagellaten und der Noctiluca,” 
‘Morphol. Jahrbuch,’ Bd. x, p. 529, 1885. 


(45) Carpuria, E.—* Der Befruchtungsvorgang beim Ei von Petromyzon 
Planeri,” ‘Zeitschr. f. wiss. Zool.,’ Bd. xxx, p. 436, 1878. 

(46) Carnoy.— La Cellule,” ‘ Recueil de Cytologie et d’histologie générale,’ 
publié par J. B. Carnoy, G. Gilson et J. Denys, t. i—iv (so weit 
erschienen), Louvain, Gand et Lierre, 1884—1888. 


(47) Carnoy, J. B.—“ La Cytodiérése chez les Arthropodes,” ‘La Cellule,’ 
t. i, p. 191, 1884. “La Cytodiérése de l’ceuf: La vésicule germina- 
tive et les globules polaires de l’Ascaris mégalocephale,” ibid., 
teil; ps a. 

(48) Carnoy, J. B.—‘‘ La Cytodiérése de l’ceuf chez quelques Nematodes,” 
‘La Cellule,’ t. iii, 1886. ‘Conférence A la société belge de Micro- 
scopie : Les Globules polaires de Ascaris clavata. Normalité des 
figures cinétiques—Variations des cinéses; Terminologie concernant 
la division. Réponse & Flemming,” ‘ La Cellule,” t. iii, 1887. 

(49) Cornii.—‘ Sur un procédé de division indirecte des cellules par trois 
dans les tumeurs,”’ ‘ Compt. rend. de l’Acad. des Sc.,’ t. cili, 1887, v. a. 
‘ Archives de Physiologie,’ 1886, Nro. 7, and 1887, xix, p. 46. 


(50) Costr, P.—‘‘ Note sur les développements primitifs. Formation de 
Poeuf. Vésicule ovigéne et germinative.” ‘Compt. rend. Ac. Sc.,’ 
Paris, t. xlii, 1856, p. 1024. 


(51) Cost, P.—‘ Rech. sur la génération des mammiferes,’ Paris, 1834. 


(52) Costz, P.—{a] “ Etudes ovologiques pour servir 4 Vhistoire de l’cuf 
dans Vovaire,” ‘Ann. franc. et étrang. d’Anatomie,’ t. ii, 1838. 
[4] “Recherches microscopiques sur le contenu de la vésicule du germe 
envisagé dans toutes les classes de la série animale,” ‘Compt. r. Acad. 
de Paris,’ 1841, t. xii, p. 722; ‘ L’Institut,’ vol. ix, 1841, Nro. 384, 
p. 151. [ce] ‘Histoire générale et particuliére du développement des 
corps organisés,’ vol. ili, Paris, 1848—1850, Masson. 

(53) Denys, J.—‘‘La Cytodiérése des cellules géantes et des petites 
cellules incolores de la moélle des os,” ‘ La Cellule,’ t. ii, p. 245, 
1856. 

(54) Denys, J.—* Quelques remarques sur la division des cellules géantes 
de la moelle des os d’aprés les travaux de Arnold, Werner, Loéwit et 
Cornil,” ‘ Anatom, Anzeiger,’ 1 Marz, 1888. 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 269 


(55) Derpis.— Observations sur le mécanisme et les phénoménes qui 
accompagnent la formation de l’embryon chez l’oursin comestible,” 
‘Ann. des Sc. natur. Zool.,’ t. vill, 1847, p..83. 

(56) Esertu, C. J—*‘ Die Befruchtung des thierischen Kies nach Unter- 
suchungen an Hchinidenei,” ‘ Fortschritte der Medicin,’ Nro. 14, 
1884. 

(57) Frzmuine, W.— Beitrage zur Kenntniss der Zelle und ihre Lebens- 
erscheinungen,” ili; ‘“‘ Ueber den Befruchtungsvorgang,” ‘ Arch, f. 
mikr. Anat.,’ Bd. xx, p. 1, 1881. 

(58) Fremmine, W.—‘ Zellsubstanz, Kern- u. Zelltheilung,’ Leipzig, 1882. 
(59) Fremminc, W.—“ Zur Kenntniss der Regeneration der Epidermis 
beim Saugethier,” ‘Arch. f. mikr. Anat.,’ Bd. xxiii, 1884, p. 141. 

(60) FLemminc, W.—‘‘ Studien iiber die Regeneration der Gewebe,” 
‘Arch. f. mikr. Anat.,’? Bd. xxiv, 1884, pp. 50 u. 338. 


(61) Fremmine, W.—‘‘ Ueber Bauverhiltnisse, Befruchtung und erste 
Theilung der thierischen Hizelle,” ‘ Biologisches Centralbl.,’ Bd. iii, 

Nro. 21, 1884, p. 641. 
(61a) Firmminc, W.— Ueber die Bildung von Richtungsfiguren in Sauge- 
thiereiern beim Untergang Graaf’scher Follikel,” ‘ Arch. f. Anat. und 
Physiol.’ [His-Braune-Du Bois-Reymond], Anat. Abth., 1885, p. 223. 


(62) Fremmine, W.—“ Zur Orientirung tiber die Bezeichnung der verschei- 
denen Formen von Zell- und Kerntheilung,”’ ‘ Zool. Anzeiger,’ 1886, 
Nro. 216. 

(63) Fremmine, W.—‘‘ Neue Beitrage zur Kenntniss der Zelle;” ‘ Arch. f. 
mikr, Anat.,’ Bd. xxix, p. 389, 1887. 


(64) For, H.—*‘ Die erste Entwicklung des Geryoniden-KHies,” ‘ Jenaische 
Zeitschr. f. Med. u. Naturwissenschaften,’? 1873, Bd. vii. 


(65) For, H.— Sur le développement des Pteropodes,” ‘ Arch, de Zoologie,’ 
par Lacaze-Duthiers, 1875, t. iv. 


(66) For, H.—‘ Sur les phénoménes intimes de la fécondation,” ‘ Compt. 
rend. de l’Acad. de Paris,’ t. 84, 1877 ;—Hbend, p. 357 ;—Hbend, p. 
659 ;—EHbend, t. Ixxxv, pp. 233 and 625, 


(67) Fot, H.—‘ Recherches sur la fécondation et le commencement de 


Phenogénie chez divers animaux,” ‘ Mémoires de la Soc. de physique 
et d’hist. natur. de Genéve,’ 1879, t. xxvi. 

(68) For, H.— Actualites histogéniques,” ‘Revue médicale de la Suisse 
romande,’ iv année, Nro. 2, 15 févr, 1884. 

(69) Fratsse.— Brass und die Epithelregeneration,” ‘Zool. Anzeiger,’ 
1883, Nro. 156, p. 683. 

(70) Fraisse.—‘ Die Regeneration von Geweben und Organen bei den 
Wirbelthieren, besonders Amphibien und Reptilien,’ Kassel u. Berlin, 
1885. 


270 


W. WALDEYER. 


(71) Frenze., J.—‘‘ Ueber den Darmkanal der Crustaceen nebst Bemerk- 


ungen zur Epithelregeneration,” ‘Arch. f. mikrosk. Anat.,’ Bd. xxv, 
1885, p. 137.—‘ Kiniges tiber den Mitteldarm der Insecten, sowie 
wiber Epithelregeneration,” Ebend, Bd. xxvi, 1886, p. 229. 


(72) FRenzEL, J—‘ Das Idioplasma und die Kernsubstanz. Ein kritischer 


Beitrag zur Frage nach dem Vererbungstoff,” ‘ Arch. f. mikr. Anat.,’ 
Bd. xxvii, 1886, p. 73. 


(73) Frommann, C.—“ Untersuchungen iiber Structur, Lebenserschein- 


ungen und Reactionen thierischer und pflanzlicher Zellen,” ‘ Jenaische 
Zeitschr. f. Naturwiss.,’ Bd. xvii, pp. 1—346, 1884. 


(74) FiivtErer.—“ Ueber karyokinetische Vorgiange in einem Riesenzellen- 


sarkom [Epulis],” ‘Sitzungsber. der physikal-medic. Gesellsch. zu 
Wiirzburg, 1887, p. 63. 


(75) GeGenBAUVER, K.—“ Beitrage zur naheren Kenntniss der Schwimm- 


polypen [Siphonophoren],” ‘ Zeitschr. f. wissensch. Zool.,’ Bd. v, 
1854, p. 285 (speciell, p. 331 ff.). 


(76) GreEnBavER, K.—‘ Untersuchungen tiber Pteropoden und Hetero- 


poden,” ‘Hin Beitrag zur Anatomie u. Entwicklungsgeschichte dieser 
Thiere,’ Leipzig, 1885, Bd. iv, W. Engelmann [pp. 66 und 180]. 


(77) van GeHucHtTEn.— Nouvelles observations sur la vésicule germina- 


tive et les globules polaires de ’ Ascaris mégalocephala,” ‘Anatom. 
Anzeiger,’ 1887, Nro. 25. 


(78) Giarp, A.—“ Notes sur les premiers phénoménes du développement de 


?Oursin,” ‘Compt. rend. de l’Acad. des Scienc. de Paris,’ 1887, t. 
Ixxxiv, p. 720; ibid., t. lxxxv, p. 408. 


(79) Gitson.—* Etude comparée de la spermatogénése chez les Arthro- 


podes,” ‘ La Cellule,’ t.i, p. 1, 1884; t. ti, p. 88, 1886; t. iv, p. 1, 
1887. 


(80) Gérre, A.—‘ Entwicklungsgeschichte der Unke,’ Leipzig, Voss, 1879. 


(80a) 


Groerr, R.—“ Ueber den Bau u. die Entwicklung der Echinodermen,” 
V. Mittheil., ‘ Sitzungsb. d. Gesellsch. zur Beforderung der gesammten 
Naturwiss. zu Marburg,’ 1876, Nro. 5 ;—HEHbend, vi, Mittheil., 1879, 
Nro. 4. 


($1) Gruper, A.—‘ Ueber die Bedeutung der Conjugation bei den Infu- 


sorien,” ‘Berichte d. naturf. Gesellsch. zu Freiburg i. B.,’ Bd. ii, 
Heft i, p. 31; Heft ii, p. 7; Heft iii, p. 98. 


(82) Gruper, A.—“ Der Theilungsvorgang bei Euglypha alveolata,” 


‘Zeitschr. f. wiss. Zoologie,’ Bd. xxxv, 1881, p. 481.—“ Die Theilung 
der monothalamen Rhizopoden,” Ebend, Bd. xxxvi, 1882, p. 104. 
“Untersuchungen tiber einige Protozoen,” Ebend, Bd. xxxviii, 1883, 
p. 45.— Ueber Kern und Kerntheilung bei den Protozoen,” Ebend, 
Bd. xl, 1884, p. 121. “Studien iiber Amoben,” Ebend, Bad. xli, 1885, 
p. 186, 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 271 


($3) Gruber, A.— Ueber kiinstliche Theilung bei Infusorien,” < Biolog. 
Centralbl.,’? Bd. iv, p. 717, Nro. 23; Ebend, Bd. v, Nro. 5. 


(84) Guienarp.—* Recherches sur la structure et la division du noyau 
cellulaire,’ ‘Ann, des Sciences nat.,’ t. xvii, 6 sér., 1884. 


(85) Harcken, E.—‘ Zur Entwicklungsgesch. der Siphonophoren,’ 1869. 
(86) Hanstxty, J.—‘ Das Protoplasma,’ Heidelberg, 1880. 


(87) Herpennarin, B.—“ Ueber die Verfettung fremder Kérper in der 
Bauchhohle,” ‘ Dissert. inaug.,’ Breslau, 1872. 


(88) Hewsry, V.—“ Beobachtungen tiber die Befruchtung und Entwicklung 
des Kaninchens und Meerschweinchens,” ‘ Zeitschr. f. Anat. und 
Entw.-Gesch. von His u. Braune,’ Bd. i, 1876, p. 213. 

(89) Hensry, V.— Physiologie der Zeugung,” S. Hermann’s ‘ Physiologie,’ 
Bd. vi, 1881. 

(90) Henszy, V.—“ Die Grundlagen der Vererbung nach dem gegenwiir- 
tigen Wissenkreis,” ‘ Landwirthschaftl. Jahrb.,’ herausgeg. von Dr. H. 
Thiel,’ 1885, p. 746. 

(91) Hennecuy, L. O.—“ Division des cellules embryonnaires chez les 
Vertebrés,” ‘Compt. rend. Ac. Sc.,’ Paris, 1882, pp. 142 and 538. 


(92) Heynecuy, L. O.—“ Note sur la division cellulaire ou cytodiérése,” 
‘Assoc. franc. pour l’avancem. des Sciences, Congrés de la Rochelle,’ 
1882, 30 aoiit. 

(93) Hertwic, O.—[a] “ Beitrage zur Kenntniss der Bildung, Befruchtung 
und Theilung des thierischen Hies,” Erste Abhandl., ‘ Morphol. 
Jahrbuch,’ Bd. i, 1875, p. 347 [Auch selbstandig als Habilitations- 
schrift erscheinen]. [4] Zweite Abhandlung, Ebend, Bd. iii, p. 1, 1876. 
[e] Dritte Abhandlung [Weitere Beitrage, &c.], Ebend, p. 271, 1877. 

(94) Hertwic, R.—“ Ueber den Bau und die Entwicklung der Spirochona 
geiamipara,” ‘ Jenaische Zeitschr. f. Naturwissensch.,’ Bd. xi, 1877. 

(95) Hertwic, R.—“ Ueber die Kerntheilung bei Actinospherium EHich- 
orni,” ‘Jen. Zeitschr. f. Naturwiss.,’ 1884, Bd. xvii, p. 500. 

(96) Hertwie, O. u. R.—‘ Ueber den Befruchtungs- und Theilungs- 
Vorgang der thierischen Hies,’ Jena, 1887. 

(97) Hevusrr, E.—“ Beobachtungen iiber Zellkerntheilung,” ‘ Botanisches 
Centralblatt,’ 1884, Nro. 1—5. 

(98) His, W.—‘ Untersuchungen iiber das Ei und die Hientwicklung bei 
Knochenfischen,’ Leipzig, 1873, iv, “ Vogel.” 

(99) Horrmany, C. K.—“ Zur Ontogenie der Knochenfische,” ‘Natur. 
urkundige Verhandlingen der Koninkl. Akad. van Wetenschapen, 
Amsterdam,’ Deel xxi. 

(100) v. Juerine.—* Befruchtung und Furchung des thierischen Kies,” 
‘Vortrage fir Thierarzte,’ herausg. von Pflug, Ser. i, Heft 4, 1878, 


O72 W. WALDEYER. 


(101) Jonow, Fr.— Die Zellkerne von Charafetida,” ‘Botan. Ztg.,’ 1881, 
Nro. 45, 46. 

(102) Kixrn, E.—‘‘ Ueber Theilung farbloser Blutkérperchen,” ‘ Centralbl. 
f. d. med. Wissenschaften,’ Berlin, 1870, Nro. Dy aly fe 

(103) Kier, E.— Observations on Cells and Nuclei,” ‘Quart. Journ. of 
Micr. Sci.,’ vol. xviii, N. S., July, 1878; vol. xix, p. 125.— Hin 
Beitrage zur Kenntniss der Structur des Zellkerns,’ ‘Centralbl. f. 
die med. Wissenschaft,’ Berlin, 1879, Nro. 17. 

(104) Kiztvenperc, N.—‘ Hydra. Hine anatomisch-entwicklungsgeschicht- 
liche Untersuchungen,’ Leipzig, 1872, iv, Engelmann. 

(105) Kiervenperc, N.—‘ The Development of the Earthworm, Lumbricus 
trapezoides,” ‘Quart. Journ. Micros. Sci.,’ vol. xix, p. 206, 1879. 

(106) KériiKer, A.—‘ Die Schwimmpolypen oder Siphonophoren yon Mes- 
sina beschrieben,’ Leipzig, 1853, Fol, W. Engelmann. 

(107) KoxrrKer, A. v.—“ Die Entwicklung der Keimblatter des Kaninchens,” 
‘Festschrift zur Jubelfeier der Univers. Wiirzburg,’ Leipzig, 1882, 
p. 1 [see especially pp. 37, 38]. 

(108) KénurKer, A. v.—“Die Bedeutung der Zellkerne fiir die Vorginge 
der Vererbung,” ‘ Zeitschr. f. wiss. Zool.,’ Bd. xlii, 1886. 

(109) Kocane1, J.— Untersuchungen iiber die Histiogenese der Retinz,” 
‘Arch. f. mikr. Anat.,’? Bd. xxiii, p. 335. 

(110) Kottmann, A.—‘ Der Tastapparat der Hand der menschlichen Rassen 
und der Affen in seiner Entwicklung und Gliederung,’ Hamburg u. 
Leipzig, L. Voss, 1883. 

(111) Kosset, A.—‘ Ueber einen peptonartigen Bestandtheil des Zellkerns,” 
‘ Zeitschr. fiir physiol. Chemie,’ 1884, Bd. vili, 1884. 

(112) Kossrt, A.—Beitrage zur Chemie des Zellkerns,” ‘ Zeitschr. f. 
physiolog. Chemie,’ Bd. vii, 1883; ibid., Bd. x, p. 248,1886. ‘ Weitere 
Beitrage zur Chemie des Zellkerus.’ 

(113) Kossrt, A.— Ueber eine neue Base aus dem Thierkorper,” ‘ Ber. d. 
deutsch. chem. Gesellsch.,’ 1885, Bd. xviii, p. 91. 

(114) Kowatevsxy, A.— Embryologische Studien an Wiirmern und Arthro« 
poden,” ‘ Mémoires de |’Acad. impér. des Sciences de St. Petersbourg,’ 
1871, vii sér., t. xvi, Nro. 12 [S. 18, Taf. iv, fig. 24]. 

(115) Kuurscuitzky.— Die Befruchtungsvorgange bei Ascaris megalo- 
cephala,” ‘ Arch. f. mikrosk. Anat.,’ Bd. xxxi, 1888, p. 567. 

(116) Kutrscuitzky.—* Ergebnisse einer Untersuchung tber Befruchtungs- 
Vorginge bei Ascaris megalocephala,” ‘Sitzungsb. der K. Preuss. 
Acad. d. Wissensch.,’ 1888, ii, 19 Jan. 

(117) Kurrrer, C., u. Benscxr, B.—‘ Der Vorgang der Befruchtung am 
Hi der Neunaugen,’ Konigsberg, Pr,, 4, 1878. 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 273 


(118) Kurrrer, C.—“ Laichen und Entwicklung des Ostseehirings,” 
‘ Jahresbericht der Commission zur wissenschaftl. Untersuchung der 
deutschen Meere,’ Berlin, 1878. 


(119) Kuprrer, C.—* Die Betheiligung des Dotters am Befruchtungsacte,” 
‘ Sitzgsb. der math.-phys. Klasse d. Konig]. Bayr. Akad. d. Wissensch. 
zu Miinchen,” 1882, Heft vi. 

(120) Kuprrer, C.—“ Die Befructung des Forellen-Hies,” ‘ Bayrische Fischerei- 
Zeitung,’ 1886. 

(121) v. La Vaterre St. Grorce.— Spermatologische Beitrage II,” ‘ Arch. 
f. mikrosk. Anat.,? Bd. xxvii, 1886. 

(122) v. La Vaterre St. Grorce.—“ Zelltheilung und Samenbildung bei 
Forficula auricularia,” ‘ Fest-Schrift A. v. Kélliker gewidmet,’ 
Leipzig, 1887, p. 49. 

(123) Lavpowsky.—* Mikroskopische Untersuchungen einiger Lebensvor- 
gange des Blutes,’ ‘Arch. f. pathol. Anat., &c.,’ herausg. v. R. 
Virchow, Bd. xevi, p. 60, 1884. 


(124) Luypie, Fr.—“ Zur Anatomie von Piscicola geometrica,” 
‘Zeitschr. f. wiss. Zool.,’ Bd. i, p. 125, 1852. 


(125) Leypie, Fr.—‘ Ueber den Bau und die systematische Stellung der 
Raderthiere,” ‘ Zeitschr. f. wissensch. Zoologie,’ Bd. vi, pp. 28, 102, 
208. 

(126) Leypie, Fr.‘ Zelle und Gewebe,’ Bonn, 1885, viii, Strauss. 

(127) Lowir.— Ueber Neubildung und Zerfall weisser Blutkérperchen,” 
‘Wiener Akad. Sitzungsber.,’ Bd. xcii, Abth. ili, 1885. 


(128) Lovin.—“ Ueber die Entwicklung der kopflosen Mollusken,” ‘ Arch. 
f, Anat. und Physiologie,’ 1848, p. 531. 


(129) Luxsanow, 8S. M.—“ Beitrage zur Morphologie der Zelle,” ‘ Arch. fir 
Anat. und Physiol.’ Physiologische Abtheil., 1887, p. 66. 


(130) Luxsanow, 8. M.—“ Beitrage zur Morphologie der Zelle Il: Ueber 
die Kerne der platten Muskelzellen bei Salamandra maculata,” 
‘ Arch, f. mikr. Anat.,’ Bd. xxx, 1887, p. 545. 

(1381) Marx, ‘ Maturation, Fecundation, and Segmentation of Limax 
campestris,” ‘ Bulletin of the Museum of Comparative Zoology at 
Harvard College, Cambridge, Mass., U.S. A.,’ vol. vi, No. 12, 1881. 

(132) Martin.—“ Zur Kenntniss der indirecten Kerntheilung,” ‘ Virchow’s 
Arch. f. pathol. Anat.,’ Bd. Ixxxvi, 1881. 

(183) Mayzer, W.—“ Ueber eigenthiimliche Vorgange bei der Theilung 
der Kerne in Epithelzellen,” ‘Centralblatt f. die medic. Wissensch.,’ 
Berlin, 1875, Nro. 50.— Beitrage zur Lehre von dem Theilungs- 
vorgange des Zellkerns,” Ebend, 1877, Nro. 11 und Nro, 44,—“ Ueber 
die Vorgiénge bei der Segmentation des Hies von Wiirmern [Nematoden] 
und Schnecken,” ‘ Zool, Anzeiger,’ 1879, p. 280, 


274 W. WALDEYER. 


(134) Mayzet, W.—“O Karyjomitozie,” ‘Festschrift zu Ehren Hoyer’s 
Warshaw,’ 1884, p. 531. 
(135) Merk, L.— Ueber die Anordnung der Kerntheilungsfiguren im Cen- 


tralnervensystem und der Retina bei Natterembryonem,” ‘ Sitzungsb. 
der Wiener Akademie,’ iti Abth., October, 1885. 


(136) Mzunier, A.—‘ Le nucléole des Spirogyra,” ‘La Cellule,’ t. ili, p. 
313, 1887. 

(137) Mrescuer, F.—“ Die Spermatozoen einiger Wirbelthier.” ‘ Verhandl. 
der naturf. Gesellsch. in Basel,’ Bd. vi, Hft. 1, 1874. 

(188) Minot, Cu. Srpewicx.— Theorie der Gonoblasten,” ‘ Biolog. Cen- 
tralbl.,? Bd. ii, Nro, 12, 8. auch. ‘ Proceedings Boston Soc. Nat. 
Hist.,’ xix, 1877, p. 165; and ‘American Naturalist,’ Febr., 1880, 
p. 96. 

(139) Mosrus, K.—‘ Sitzungsber. der Gesellschaft naturforsch. Freunde,’ 
Berlin, 1887, Nro. 6, p. 102. 


(140) v. Mont, H.—‘ Vermischte Schriften botanischen Inhaltes,’ Tibingen, 
1845. [Beobactung, 1835, angestellt an Conferva glomerata. Citat 
nach H. Sachs, ‘Lehrbuch der Botanik,’ 2te Aufl., Leipzig, 1870, 
p. 17, Anm.] 

(141) Miter, Frrepricu.— Zur Kenntniss der Furchungsprocesses im 
Schneckeneie,” Wiegmann’s ‘ Arch f. Naturgeschichte,’ 14ter Jahrg., 
1848, p. 1. 


(142) Mttier, Jou.—* Ueber die Erzeugung von Schnecken in Holothurien,” 
‘Arch. f. Anat. und Physiol.,’ von Joh. Miiller, 1852, p. 1 [specially 
pelgl: 

(143) Muyx, H.— Ueber Hi- und Samenbildung und Befruchtung bei den 
Nematoden,” ‘ Zeitschr. f. wiss. Zool.,’? Bd. ix, 1858, p. 365. 


(144) NAerit.— Mechanisch-physiologische Theorie der Abstammungslehre. 
Miinchen u. Leipzig, 1884. 

(145) Nissey.—‘ Ueber das Verhalten der Kerne in den Milchdriisenzellen 
bei der Absonderung,” ‘ Arch, f. mikr. Anat.,’ Bd. xxvi, p. 337, 1886. 

(146) Nusssnaum, M.—“ Zur Differenzirung des Geschlechts im Thier-reich,” 
‘Arch. f. mikr, Anat.,’ Bd. xviii, p. 1. 

(147) Nusspaum, M.— Ueber die Theilbarkeit der lebendigen Materie” I, 
‘Arch. f. mikr. Anat.,’ Bd. xxvi, p. 485 [specially p. 525 ff]. 

(148) Nusspaum, M.—“ Ueber die Veranderungen der Geschlechtsproducte 
bis zur Hifurchung; ein Beitrag zur Lehre von der Vererbung,” 
‘Arch. f. mikr. Anat.,’ Bd. xxiii, p. 155. 


(149) Nusssaum, M.—‘ Askaris und Leptodera,” “ Sitzungsb. d. Niederrh. 
Gesellsch. f, Natur- u. Heilkunde in Bonn,’ 5 August, 1883, 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 275 


(150) OrttacuEr, J.—‘ Beitrige zur Geschichte des Keimblischen im 
Wirbelthiereie,” ‘ Arch. f. mikr. Anat.,’ Bd. viii, p. 1, 1872. 


(151) Ocara, Massanort.— Die Verinderungen der Pancreaszellen bei der 
Secretion,” ‘Arch. f. Anatomie und Physiologie,’ Physiologische 
Abtheilung, 1883. 

(152) Overtacu.— Die pseudomenstruierende Mucosa uteri nach acuter 
Phosphorvergiftung,” ‘ Arch. f. mikr. Anat.,’ Bd. xxv, p. 191. 


(153) Privznpr, W.—‘‘ Ueber den feineren Bau der bei der Zelltheilung 
auftretenden fadenformigen Differenzirung des Zellkerns,” ‘ Morphol. 
Jahrb.,’ Bd. vii, 1881, p. 289. 


(154) Pritzner, W.—“ Beitrage zur Lehre vom Baue der Zellkerns und 
seinen Theilungserscheinungen,” ‘Arch. f. mikr. Anat.,’? Bd. xxii, 
1883, p. 616. 


155) Privzner, W.—* Zur pathologischen Anatomie des Zellkerns,” 
‘Virchow’s Arch. f. pathol. Anatomie,’ Bd. 103, 1886, p. 275. 

(156) Pritzner, W.—“ Zur Kenntniss der Kerntheilung bei den Protozoen,” 
‘Morpholog. Jahrbuch,’ Bd. xi, 1886, p. 454. 

(157) Pritzner, W.—“ Zur Morphologischen Bedeutung des Zellkerns,” 
‘Morphol. Jahrbuch,’ Bd. xi, 1886, p. 54. 


(158) Pruiiezr, Ep.—‘ Die Hierstécke der Siugethiere u. des Menschen,’ 
Leipzig, 1863, p. 4. 


(159) Puatner, G.— Ueber die Entstehung des Nebenkerns und seine 
Beziehung zur Kerntheilung,” ‘ Arch. f. mikr. Anat.,’? Bd. xxvii, p. 7. 


(160) Prarner, G.—* Ueber die Befruchtung bei Arion empiricorum,” 
© Arch. f. mikr. Anat.,’ Bd. xxvii, 1886, p. 32. 


(161) Prarner, G.—“ Die Karyokinese bei den Lepidopteren als Grundlage 
fiir eine Theorie der Zelltheilung,” ‘Internation. Monatsschrift fur 
Anat. u. Histologie,’ Bd. iii, 1886, p. 341. 

(162) Popwyssorzk1.— Ueber die Regeneration der Leber, der Niere, der 
Spiechel- und Meibom’schen Driisen unter pathol. Bedingungen,” 
‘Fortschritte der Medicin,’ Bd. iti, 1885, p. 630. 


(163) Prenant, A.—“ Observations cytologiques sur les éléments séminaux 
de la Scolopendre et de la Lithobie,” ‘La Cellule,’ t. iii, p. 413, 1886. 
“Observations cytologiques sur les éléments séminaux des Gastéro- 
podes pulmonés,” ibid., t. iv, p. 187, 1887. ‘‘ Observations cytolo- 
giques sur les éléments séminaux des Reptiles,” ibid., p. 183. 

(164) Purxyne, J. E.—‘ Symbole ad ovi avium historiam ante incubationem,’ 
Vratislavie, 1825. 

(165) Rasy, K.— Ueber Zelltheilung,” ‘ Morph. Jahrbuch,’ Bd. x, p. 214, 
1885. 


276 . W. WALDEYER 


(166) Ranvier, L.—‘‘ Recherches sur les élements du Sang,” ‘ Travaux du 
Laboratoire d’histologie,’ Année 1875, p. 1. 

(167) Raruxn, H.—“ Zur Kenntniss d. Furchungsprocesses im Schnecken- 
eie,” ‘ Archiv f. Naturgesch.’ [Wiegmann’s ‘ Arch.’], 14 Jahrg., 1848, 
Bd. i, p. 157. 

(168) Ravper.—‘ Die Kerntheilungsfiguren in Medullarrohr der Wirbel- 
thiere,”’ ‘ Arch. f. mikr. Anat.,’? Bd. xxvi. 

(169) Retcuurt, K. B.—* Die Furchungsprocess und die sog. Neubildung 
im Inhaltsportionem,” ‘ Arch. f. Anat. u. Physiol.’ 1846, p. 201 ff. 


(170) Rerxs, J., u. Ropewatp, H.—‘‘Studien tiber das Protoplasma I. 
Das Protoplasma von Aethalium septicum” [‘ Untersuchungen 
aus dem botanischen Laboratorium der Univers. Gottingen,’ 1881]. 


(171) Remax, R.—“ Ueber die Entstehung der Blutkorperchen,” ‘ Medic. 
Zeitung,’ herausgeg. von dem Verein fiir Heilkunde in Preussen,’ 1841, 
p- 127. 

(172) Rerzius, G.—“ Studien tiber die Zellentheilung,” ‘ Biologische Unter- 
suchungen,’ I, Stockholm u. Leipzig, 1881, p. 109 ff. 


(173) Rosin, Cu.—‘ Mémoire sur les globules polaires de Vovule,” 
‘Journal de la physiologie de homme et des animaux,’ par Brown- 
Séquard, T. V, Paris, 1862, p. 149. 

(174) Rovx.—‘ Ueber die Bedeutung d. Kerntheilungsfiguren,’ Leipzig, 1883. 


(175) Sapatier.—* Sur la spermatogénése des Crustacés décapodes,” 
‘Compt. rend. de l’Acad. de Sc. Paris,’ 1885, t. 100. 


(176) Sanreticr.—‘ Intorno alla cariocinesi delle cellule germinali dei testi- 
colo,” ‘ Bollet. d. Soc. di Naturalisti di Napoli,’ ser i, vol. i, Anno i, 
fase. 1, 1887. 


(177) Sarrter, E.—‘ Die Verwendung des Lapisstiftes z. Untersuchung der 
Epithelien,” ‘Arch. f. mikr. Anat.,’? 1882, Bd. xxi, p. 672. 

(178) Scuewiakorr, Wu.—‘ Ueber die karyokinetische Kerntheilung der 
Euglypha alveolata,” ‘Morphol. Jahrbuch,’ 1887, Bd. xiii, Hft. 2, 
p. 193. 

(179) ScutnicuEr, W.—‘ Centralbl. f. die. med. Wissensch.,’ Berlin, 1878, 
p. 418; und ‘Arch. f. mikr. Anat.,? Bd. xvi, 1879, p. 248; “ Die 
Knorpelzelltheilung. Hin Beitrag zur Lehre der Theilung von Gewebe- 
zellen.” 

(180) Scunerper, A—“‘Sur ’Anoplophrya circulans,” ‘Compt. rend. 
Ac. Se. Paris,’ t. 100, Nro. 25, p. 1552. 

(181) ScuyzipER, A.—‘ Das Hi und seine Befruchtung,’ Breslau, 1883. 

(18la) ScuorrnAnprr, T.—“ Ueber Kern. u. Zelltheilungsvorginge in dem 
Endothel der entziindeten Hornhaut,” ‘ Arch. f. mikr. Anat.,’ Bd. xxxi, 
p. 426, 1888. 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 277 


(182) ScuunrzE, Oskar.— Untersuchungen tber die Reifung und Befruch- 
tung des Amphibien-Hies I,” ‘ Zeit. f. wiss. Zool.,’ Bd. xlv, 1887, p. 77. 


(183) Scuutrze, Oskar.—‘ Ueber die Karyokinese in den ersten Zellen 
[Furchungskugeln] des Avxolotl,” ‘Sitzungsber. der physikalisch- 
medicinischen Gesellschaft zu Wiirzburg,’ 1887, p. 2.—‘ Ueber Lage- 
veranderungen des Kerns in der Zelle,’ Hbend, p. 4. 


(184) Scuuzzn, Fr. ErnHarp.—‘* Rhizopoden-studien V,” ‘Arch. f. mikr. 
Anat.,’ Bd. xi, p. 583 [592], 1875. 


(185) Scuwarz, Franx.—‘ Die Morphologische und chemische Zusammen- 
setzung des Protoplasmas,’ Breslau, 1887. 


(186) Srtenxa, H.—‘ Zoologische Studien I. Befruchtung des Kies von 
Toxopneustes variegatus. Hin Beitrag zur Lehre von der 
Befruchtung und Eifurchung,’ Leipzig, 1878, 4. 


(187) Stwanowsxy, N.—‘‘ Ueber die Regeneration des Epithels der wahren 
Stimmbander,” ‘ Arch, f. mikr, Anat.,’ Bd. xxii, p. 710. 


(188) Spatuanzant, L.—‘ Versuche ititber die Erzeugung der Pflanzen und 
Thiere’? [Uebersetzung, Leipzig, 1786]. 

(189) Stotyrkow.—* Vorginge in den Leberzellen, insbesondere bei der 
Phosphorvergiftung,” * Arch. f. Anat. und Physiol. Abtheilung,’ 1887, 
Bowls 

(190) SrrasBurcER, Ep.—‘ Zellbildung und Zelltheilung,’ 3 Aufl., 1880, 


(191) Srraspurcer, Ey.— Ueber Kern- und Zelltheilung im Pflanzen-reiche, 
nebst einem Anhange iiber Befruchtung,’ Jena, 1888. 

(192) SrraspurGER, E.—Ueber den Theilungsvorgang der Zellkerne und das 
Verhaltniss der Kerntheilung zur Zelltheilung,” ‘ Arch. f. mikr, Anat.,’ 
1882, Bd. xxi, p. 476. 

(193) SrraspurGER, Ep.— Neue Untersuchungen iiber d. Befruchtungs- 


vorgang bei den Phanerogamen als Grundlage fiir eine Theorie der 
Zeugung,’ 1884. 


(194) SrraspurGER, Hp.— Die Controversen der indirecten Kerntheilung,” 
‘Arch f. mikr. Anat.,’ Bd. xxiii, 1884, p. 246. 

(195) SrrickEr, S.— Ueber Zelltheilung in entziindeten Geweben,” ‘Studien 
aus dem Institute fiir experimentelle Pathologie zu Wien. I,’ 1870. 

(196) Srricker, S.—‘ Beobachtungen tiber die Entstehung des Zellkerns,” 
‘Wiener Akad. Sitzungsber.,’ iii Abth., 1877. 


(196a) Tanex, F,—“ Ueber das Verhiltniss zwischen Zellkérper und Kern 
wahrend der mitotischen Theilung,” ‘Arch f. mikr. Anat.,’ Bd. xxx, 
p. 529, 1887. 


(197) THomsoy, ALLEN.—Article, “Ovum,” in Todd’s ‘ Cyclopedia.’ 


278 W. WALDEYER. 


(198) Usxow, N.—‘‘ Zur Bedeutung der Karyokinese,” ‘ Arch. f. mikr. Anat.,’ 
Ba. xxi,yp. 291. 

(199) Vircnow, R.— Cellular Pathologie,” ‘Arch. f. patholog. Anat.,’ 
herausg. von R. Virchow, Bd. viii, p. 23, 1855. 

(200) Waener, R.—‘ Prodromus histor. generationis,’ Lipsiz, 1836, Fol. 

(201) Warneck.— Ueber die Bildung und Entwicklung des Embryos bei 
Gasteropoden,” ‘Bullet. de la Société impér. des Naturalistes de 
Moscow,’ t. xxiii, 1850. 

(202) WetcEert, K.—* Neuere Vererbungstheorieen,” ‘ Schmidt’s Jahrbiicher 
der gesammten Medicin,’ Bd. 215, p. 89, 1887. 

(203) Wrtsmann, A., u. Iscurkawa, C.—‘ Ueber die Bildung die Rich- 
tungskérperchen bei thierischen Hiern,” I ‘ Ber. d. naturf. Gesellsch. 
zu Freiburg,’ Bd. i und iii, 1887, Hft. 1. 

(204) Wertsmann, A.— Richtungskorper bei parthenogenetischen Hiern,” 
‘Zool. Anzeiger,’ 1886, p. 223. 

(204a) Weismann, A., u. Iscurkawa, C.—* Ueber partielle Befruchtung,” 
‘Berichte der Naturf—Gesellsch. zu Freiburg,’ Bd. i u. iv, Hft. 1, 
1888. 

(205) Wrent.— Beobachtungen tiber Kern- und Zelltheilung,” ‘ Berichte der 
deutsch. botan. Gesellsch.,’ 1887, p. 254. 

(206) Wuttman.—* The Embryology of Clepsine,” ‘Quart. Journ. of Micr. 
Sci.,’ 1878. 

(207) Wirsner.—* Untersuchungen iiber die Organisation der vegetabilischen 
Zellhaut,” ‘ Sitzgsb. der Wiener Akad. d. Wissensch.,’ Bd. xciii, p. 29, 


1886. 
(208) Zacuartas, E.—“ Ueber den Nucleolus,” ‘ Botanische Zeitung,’ 1885, 
Nro. 17—19. 


(209) Zacuartas, E.—“ Ueber die chemische Beschaffenheit des Zellkerns,” 
‘Botan. Zeit.,? 39 Jahrg., Nro. 11, pp. 169 u. 827, 1881; p. 611, 
1882. 

(210) Zacnartas, O.—‘‘ Neue Untersuchungen iiber die Copulation der 


Geschlechtsproducte und den Befruchtungsvorgang bei Ascaris 
megalocephala,” ‘Arch. f. mikr. Anat.,” Bd. xxx, p. 111, 1887. 


KARYOKINESIS AND ITS RELATION TO FERTILIZATION. 279 


EXPLANATION OF PLATE XIV, 


Illustrating Professor Waldeyer’s memoir on ‘“ Karyokinesis.” 


Fig. 1.—Plan of a resting nucleus, showing the so-called chromatic nuclear 
membrane, the nucleoplasm (Kernsaft), the network (Kerngerist) of chromatic 
threads, the net-knots at the points of junction of these threads, and a 
single rounded nucleolus. 


Fic. 2.—Nucleus at the first stage of karyokinesis—the so-called ‘ dense 
skein ” (after Rabl)—viewed from the “pole,” and showing the excentrically 
placed thread-loops (ex. c.) and two central loops (c.) sticking upwards in the 
centre. The angles of the loops are directed towards the “pole,” and the 
limbs towards the ‘‘ antipole;” the primary threads alone are present at this 
stage. 


Fic. 3.—A nucleus at the same stage, seen from the “antipole,” showing 
the limbs of the primary threads. 


Fic. 4.—Plan of a resting nucleus (after Rabl) seen from the side, with 
the “pole” above, and the “‘antipole” below. On the left are shown only 
the primary threads, in the condition in which they appear in the early stages 
of karyokinesis. On the right the two primary threads are united by secon- 
dary threads, which anastomose with one another, and at some of the points 


> a round nucleolus is also seen. 


of junction are seen “ net-knots ;’ 


Fic. 5.—Nucleus at the stage of “loose skein” (after Rabl), showing the 
nuclear spindle, which makes its appearance at the “pole” of the nucleus. 
The thread-loops or chromosomes are now shorter and thicker than in the 
preceding stage, Fig. 2. 


Fic. 6.—Nucleus at the end of the skein or “spirem” stage. The 
chromosomes are now arranged around the equator of the spindle, which has 
shifted its previous position and taken up an axial position. Three of the 
chromosomes are already longitudinally cleft. 


Fic. 7.—A cell and nucleus, the latter being in the “‘monaster” stage. 
The cell substance is differentiated into an outer dark layer, and an inner 
clear area around the nucleus. The nuclear membrane has disappeared. The 
*pole-bodies”’ are shown at each end of the spindle or “ karyaster,” and 
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rom each of them starts the “star figure” in the cell-protoplasm, the 
‘“‘cytaster.” The splitting of the chromosomes is complete. 


Fic. 8.—The nucleus of a similar cell seen from one pole, showing the 
cleft chromosomes arranged in the equatorial plane of the spindle, and the 
**nole-body” in the centre. 

Fic. 9.—The nucleus at the stage of “metakinesis” (after Rabl). The 
spindle, pole-bodies, and “ cytasters ” are shown; the two halves of the cleft 
chromosomes are separating from one another, and the apices are directed 
towards opposite poles. 

Vic. 10.—A later stage in metakinesis (after Rabl). The apices of the 
halves of the chromosomes are still further separated, but the limbs are still 
in contact. 

Fic, 11.—The “dyaster” stage (after Rabl). The two halves of each 
primary chromosome are now completely separated, and have nearly reached 
the opposite poles of the spindle, forming the two ‘“‘daughter stars.” The 
limbs of the daughter chromosomes are no longer parallel to the threads of 
the spindle, of which only a small portion near each pole is shown. The ends 
of the chromosomes are connected by the “filaments réunissantes” of van 
Beneden. 

Fig. 12.—The two daughter nuclei completely separated, lying in the cell- 
body, which shows a commencing constriction. The daughter nucleus in A is 
in the “skein” stage; it shows the “hilus” corresponding to the original 
‘pole ” of the mother nucleus. The nucleus B is in a resting condition, the 
primary threads have given rise to secondary threads; the pole corresponds to 
the antipole of the mother nucleus. The new nuclear membranes have made 
their appearance. The cell-protoplasm still exhibits its darker and lighter 
portions. 

Fic. 13.—The egg of Ascaris megalocephala, at the stage of the 
so-called -‘ equatorial plate” or monaster (after van Beneden), partly dia- 
grammatic. Four chromosomes lie at the equator of the spindle. The figure 
shows the attraction spheres, each of which consists of a central or pole-body 
surrounded by a light medullary zone and a darker cortical zone. The various 
ray-figures meet at the cental body, and are composed of spindle, cytaster, 
and antipodal cone. The ring enclosed by the last is called the “ polar circle.” 
The circumference of the cytaster, sometimes in form of a ridge around 
the surface of the egg, is the tropical circle; whilst the area which is free 
from these ray-figures is the ‘‘ equatorial zone.” 


Fie. 14.—The egg of Ascaris megalocephala, at the moment of the 
extrusion of the second directive corpuscle (after E. van Beneden). The dark 
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outer perivitelline layer and the “‘liquor perivitellinus,” which will give rise 
to the inner perivitelline layer, have been formed from the egg. The first 
directive corpuscle is seen resting against the outer perivitelline layer, and 
contains dark chromatin bodies. The second directive corpuscle, which is in 
the course of extrusion, shows two dark granular chromatin bodies (micro- 
somes), and is connected by means of delicate thread with the remnant of the 
germinal vesicle, the ‘‘egg-nucleus”’ (female pronucleus), which also contains 
chromatin bodies. Nearly in the centre of the vitellus is the ‘“ sperm- 
nucleus ”” (male pronucleus), derived from the intruded spermatozoon. 
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Studies in Mammalian Embryology. 


I.—The Placentation of Erinaceus Europeus, 
with Remarks on the Phylogeny of the Pla- 
centa. 


By 


A. A* W. Hubrecht, LL.D., C.M.Z.S. 
Professor of Zoology in the University of Utrecht. 


With Plates XV to XXVII. 


INTRODUCTION. 


Tue observations which are recorded in the following pages 
were commenced five years ago with the definite object of at- 
tempting a step towards the solution of certain problems which 
are still left open, and of numerous contradictions which are 
encountered in the field of the embryological development of 
the Mammalia. For this reason it appeared to be a peremptory 
condition that among the Mammalia monodelphia an 
order should be selected which has retained more than other 
orders the characters of the primitive stock from which 
the other more specialised mammalian orders have been 
derived. 

In this order the species which might be said to be the least 
differentiated in any special direction would again be the more 
favorable starting-point for comparative research. Huxley’s 
remarkable article in the ‘ Proceedings of the Zoological 
Society ’ for 1880 (“ An Application of the Laws of Evolution 
to the Arrangement of the Vertebrata, and more particularly 
of the Mammalia,” p. 649) has thrown new light on the pro- 
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position that both comparative anatomy and paleontology 
point to the Insectivora as being the order which must be 
looked upon as occupying that central and primitive place 
amongst the Eutheria (Monodelphia, auct.). Huxley 
says: “No one can study the more ancient mammals with which 
we are already acquainted without being constantly struck 
with the insectivorous characters which they present. In fact 
there is nothing in the dentition of either Primates, Carnivores, 
or Ungulates, which is not foreshadowed in the Insectivora.” 
And again: “ Many years ago I particularly insisted on the 
central position of the Insectivora among the higher Mam- 
malia; and further study of this order and of the Rodentia 
has only strengthened my conviction that any one who is 
acquainted with the range of variation of structure in these 
groups possesses the key to every peculiarity which is met 
with in the Primates, the Carnivora, and the Ungulata.” 

In this central and primitive order Huxley distinctly points 
to Gymnura and Erinaceus as having departed less than 
any other genus from the primitive type. Already, in 1871, 
he had written, in his ‘Manual of Vertebrated Animals :’ 
«The Insectivora present a great diversity of organisation, the 
common hedgehog being an almost central form. The 
Shrews tend towards the Rodentia, the Tupaye towards the 
Lemurs ; while the Moles on the one hand, and the Galeo- 
pitheci on the other, are aberrant modifications. Relations of 
a more general character connect them with the Carnivora and 
the Ungulata.” 

The hedgehog thus being selected, I had only faint hopes of 
being able to procure the different stages of development in 
sufficient number, experiments for breeding them in captivity 
having entirely failed, even though they were repeated for two 
consecutive seasons. Thus the capture of specimens in the 
breeding season (June to August) was the only method for 
obtaining the material. I need not say that in this way the 
number of female hedgehogs that were killed far exceeded 
that of the really pregnant ones, and that it was a matter of 
fortunate chance in what stage of development the young 
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would be found, there being evidently considerable variation 
in the time of conception and of birth. 

At present I dispose of about five hundred embryos belong- 
ing to very different stages. A great many of these are early 
stages, and give a sufficient basis for the careful study of the 
principal processes both of organogeny and of placentation. I 
feel justified in publishing certain results I have obtained up 
to the present date, more especially concerning the earliest 
didermic stages and the phenomena of placentation. 

It will be seen that in very many points there is a close resem- 
blance, in others, however, an unexpected divergence between 
the hedgehog and the mole, as far as we are acquainted with its 
development through Heape’s valuable papers (‘ Quart. Journ. of 
Mier. Sci.,’ 1883, 1886). I may add that the significance of such 
divergent phenomena of development occurring among different 
genera of Insectivora has certainly not been lessened by the 
fact which I have since been able to observe, viz. that in a 
third genus of Insectivora, the shrew, the early stages of the 
blastocyst and the phenomena of placentation again follow a 
very different course. These points will, however, not be 
touched upon in this paper, which has already grown to a 
bulk (especially with reference to figures and plates) that 
must needs bring a frown to the editor’s brow, to whose kind 
liberality I wish to tender special thanks. Also to my friends 
Drs. de Graaf and Vosmaer, for their valuable aid in the illus- 
trative part, and to my artist, Mr. J. G. de Groot. Although 
the phenomena of placentation and of the development of the 
foetal membranes will occupy by far the greater portion of 
this memoir, I must needs commence with a description of the 
very early stages of the blastocyst, without which those phe- 
nomena could not be understood. The development of the 
mesoblast and the general organogeny of the hedgehog will be 
treated of in a later publication. 
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I. Early Stages in the Development of the Hedgehog 
and general sketch of the Development of Yolk- 
sac and Allantois. 


The youngest stage of the hedgehog’s blastocyst that was 
observed by me is figured on Pl. XV, figs. 4—6, and Pl. XVII, 
fig 21. Two embryos of this stage are available.' The uterus in 
which they were found probably contained more, but a portion 
of it was accidently lost. The blastocyst here figured measures 
about +, mm.; it has the form of an oblong sac, and lies—as 
will be more fully described in another paragraph—as yet free 
in a recess of the uterus lumen. Its wall is formed by cells that 
are here and there more than one layer thick. A more con- 
siderable multicellular prominence in this wall is noticed at 
that pole of the long axis of the blastocyst which is turned 
away from the mesometrium. Inside this outer wall there is 
a small aggregate of perhaps half a dozen cells, which will 
develop into the hypoblast, and which appear to adhere more 
closely to one of the lateral walls (as distinct from the upper 
multicellular wall) of the blastocyst. In what is approximately 
the median section I count about thirty-two cells in the cir- 
cumference. I could not determine from stages which I per- 
sonally examined how this earliest blastocyst arose during the 
segmentation process, nor what is the exact mode of origin of 
the hypoblast cells. Keibel has lately described (‘ Anat. 
Anzeiger,’ iii, p. 631) an earlier stage in the hedgehog’s de- 
velopment in which the number of cleavage cells is only t wo, and 
which for that reason does not throw any light on this question. 
Later researches will especially have to make out whether there 
is any agreement between the mode of origin of the hedgehog’s 

1 For the preservation of my embryos I have used both Kleinenberg’s and 
Flemming’s solution, but prefer the first. When it is not otherwise indicated 
the preparations here referred to have passed through the first-named reagent. 
For staining purposes I have found that Ranvier’s picrocarminate gives the 
most reliable and durable, if not also the most brilliant, results. Caldwell’s 
automatic microtome considerably facilitated the manufacture of the very 
numerous series of sections upon which this memoir is based, 
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hypoblast and what was described by Selenka (‘ Studien iib. 
Entwgesch.,’ Wiesbaden, 1887) for the opossum. He mentions 
an inwandering of one or a few of the cells forming the blastula 
wall. These primordial hypoblast cells are large-sized ; they 
are first found in the segmentation cavity in a very small 
number and then multiply. New cells at the same time 
budding off from the spot which Selenka, with apparent good 
reason, Calls the blastopore. Gradually the hypoblast clothes 
the inner wall of the blastula, which thus enters upon its 
gastrula stage. The whole process is clearly illustrated by 
Selenka’s figures (10 and 11, pl. xvii; 2 and 8, pl. xviii) of the 
actual sections. Wishing for the moment to abstain from com- 
parisons between different modes of development of the inner 
cell-mass, as described for the mole by Lieberkiihn and Heape; 
for the rabbit by van Beneden, Kolliker, and Hertwig, I must 
emphatically re-affirm that the facts observed by me in the 
hedgehog leave no doubt but that the inner group of cells 
represents the hypoblast only. How this embryonic layer 
takes its origin out of them can be ascertained in the next 
phases. The developmental stages following upon the one just 
described show an increase in size of the blastocyst and an 
increase in bulk of the inner (hypoblastic) cell-mass. There 
is the same polar thickening of the blastocystic wall, and all 
over the remaining surface there are indications that more 
than one layer of epiblast cells contribute to the formation of 
the wall. In figs. 22 and 238 the polar thickening is just com- 
mencing to protrude a little into the segmentation cavity ; in 
figs. 8, 10, 25, and 26 this protrusion is much more marked. In 
the stage figured on Pl. XXII, fig. 39, it is evident that at this 
period of the development the polar projection forms a distinct 
knob at the anti-mesometrical extremity of the blastocyst, and 
that at the same time the remaining walls of the blastocyst 
have reached their relative maximum of thickness. At this 
stage the cell material of the lateral walls is seen to be here 
and there interrupted by lacune, as if the growth of the whole 
mass did not keep pace with the increase in size of the blasto- 
cyst. Soon after their appearance these lacune in the outer 
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epiblast are seen to contain maternal blood, which passes into 
them along channels that will be more fully described in the 
next chapter. The size of the blastocyst is then 0:22 mm. 

The further didermic stages are characterised by a very 
rapid growth, in consequence of which the temporary thickened 
wall of the blastocyst is thinned out to a unicellular layer, with 
strong and numerous villiform processes—the latter the rem- 
nants of what were, in the stage of figs. 8 and 39, the inter- 
vening columns of tissue between two lacune. This pheno- 
menon is best understood by a glance at Pl. XVI, on which 
the blastocysts were drawn with the same power. The critical 
moment here noticed lies between figs. 14 and 15. 

The histological details, which are characteristic for the 
gradual passage from the stage of figs. 11 and 14 to the later 
stages, cannot be gathered from Pl. XVI, but must be studied 
on Pls. XX-—-XXVI. As this whole process is of the highest 
importance for the true interpretation of all the phenomena of 
the hedgehog’s placentation, both omphaloidean and allantoi- 
dean, we will later on return to it more fully. 

We must first give an account of what becomes of the 
thickened knob at one pole of the blastocyst, and secondly, we 
must trace the further development of the hypoblastic cell- 
mass. The thickened knob in question is the spot where the 
germinal area will make its appearauce, which in later stages 
(cf. diagrams of Pl. XVIII and XIX) is also at the pole dia- 
metrically opposite to the mesometrium. The development of the 
germinal area does not come about by a gradual spreading out 
of this thickened polar portion, but by the more unexpected 
splitting off of the deeper bulging portion of this epiblastic 
polar knob from the more superficial portion. Figs. 14—18, 
15 a, 17 a, and 20 d indicate the manner in which this takes 
place. A small break in the middle of the projecting knob is 
the first indication. This increases in size, leaving a space 
between the stratified deeper part, which becomes the em- 
bryonic epiblast, and the more superficial layers. Also, for this 
phenomenon, a glance at the figures on Pl. XVI will be more 
instructive than a long verbal exposition. When once the 
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deeper layer, which will become the epiblast of the germinal 
area, has been thus split off from the thickened polar knob of 
the blastocyst, the further growth of both the divisions be- 
comes independent. The lower stratum of embryonic epi- 
blast, connected with the wall of the blastocyst along a circular 
. line, increases in size together with the blastocyst, and appears 
in general very soon to become a layer that runs parallel to 
the curvature of the blastocyst. 

In the early stages it would appear that this epiblastic plate 
(in consequence of its mode of origin) is strongly bent inwards. 
In very many preparations I find it like this, though acknow- 
ledging that the amount to which it has bent may perhaps 
have somewhat increased during preservation. It very much 
resembles stages of the embryonic epiblast in Arvicola 
arvalis, as figured by Selenka (1. c. Pl. XVI, fig. 51.) 
The position of the cells composing it is the well-known 
arrangement that has been so often described in vertebrate 
development; in the early stages more than one layer of cells 
may certainly be said to be present, the component cells inter- 
wedging. As the embryonic disc increases in size this feature 
is gradually lost, and the epiblast is then a layer of only one- 
cell thickness. The circular line of its insertion on the peri- 
pheral epiblast of the blastocyst enlarges simultaneously with 
the total growth of the embryo. Whether at the margin the 
splitting process goes on for a short time, or whether the whole 
increase in size should be ascribed to simple growth, after the 
central splitting phenomenon has once occurred, cannot for the 
moment be definitely made out. At all events, I can find no 
evidence that any further marginal splitting occurs when once 
the mesoblast is being formed. The possibility of such a 
process will, however, be clear by a glance at figs. 15 a and 
17 a, Pl, XVI. 

This attachment of the disc of the embryonic epiblast against 
the epiblastic periphery of the blastocyst is lost when the 
amnion is formed. I must needs say a few words about this 
phenomenon in this place, although the regular demonstration 
would first require the discussion of the development of the 
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mesoblast. After the formation of this third embryonic layer 
has commenced the separation of somatic and splanchnic 
mesoblast can very soon be distinguished. The former follows 
the contours of the epiblastic disc, and folds upwards for the 
formation of the mesoblastic amnion fold all along the circular 
insertion of this disc that was above mentioned. The epi- 
blastic fold of the amnion is thus not a double one as it is in 
all diagrams of amniogenesis. But it is a single sheet of 
epiblast cells that grows upwards simultaneously with the 
bending upwards of the double somatic fold. Finally, an 
amnion navel is formed, and when this has vanished and the 
amnion has become a closed sac all above the embryo (at this 
time the allantois just commences to protrude), the similarity 
with the other Amniota is again established. This apparently 
strange mode of development of the amnion is easily under- 
stood when we remember that after the splitting off of the 
embryonic epiblast the space that remains between this layer 
and the outer epiblast must needs become the cavity where 
the amnion will develop. A layer of external epiblast for the 
expected “serous envelope of v. Ber” (which arises simul- 
taneously with the amnion) is, however, already present in 
consequence of the splitting phenomenon so often referred to. 
And so the amniogenesis is actually restricted to the formation 
of a double fold of somatic mesoblast and to an extension up- 
wards of the circle of insertion of the embryonic disc. The 
phenomenon will be still better understood after comparison 
of the diagram 32 with the figures 51 and 52, Pl. XXV. The 
formation of the amnion takes place more or less simul- 
taneously all around the circumference of the embryonic disc ; 
the point of definite closure lies above the hinder portion of 
the trunk. The head is at an early moment excluded from 
the true amniotic fold by the fact of its being bent downwards 
and reaching into the yolk-sac, enclosed by a didermic sheath 
which forms a so-called pro-amnion, about which I will give 
more details in a later paper. Long after the true amnion has 
been quite completed the head gradually emerges from this 
pro-amniotic pit. The amnion has then gradually increased in 
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size, and can now harbour the whole embryo. For the rabbit 
a similar process has been fully figured by v. Beneden and 
Julin (‘ Archives de Biologie,’ v, pl. xxiv). 

We must now give a rapid glance at what further happens 
with the inner cell-mass, which I have designated as the 
earliest stage of the hypoblast. I find, what I hold to be con- 
clusive evidence, that this mass of cells does not gradually 
spread out against the outer epiblast, as it has been described 
by van Beneden for the rabbit and bat, by Selenka for 
numerous other rodents and for the opossum, by Heape for 
the mole; but that it becomes converted into the hypoblastic 
cell-layer by a different process. Instead of spreading out into 
a flattened layer gradually covering an increasing surface, 
losing in thickness what it gains in extent, and finally, only 
later on, when the whole inner surface of the blastocyst has 
gradually been clothed by it, attaining the form of a hollow 
sphere (cf. the well-known diagrams of the rabbit in all text- 
books), the hedgehog’s hypoblastic cell-mass bulges out 
gradually, leaving a central cavity between the hypoblast cells 
about in the same way as a morula stage that increases in size 
comes to enclose a segmentation cavity, and becomes a 
blastula. 

It is of course important definitely to establish the fact that 
in certain orders of mammals a similar mode of origin of the 
hypoblastic sac indeed occurs, and I have very carefully 
examined all my preparations of those early stages to see 
whether they would allow of another interpretation, To this 
I must decidedly answer in the negative, and must now some- 
what more fully explain the different sections and preparations 
on which I base my opinions. 

In figs. 22 to 24 three sections through a very young 
blastocyst are figured. The inner mass of hypoblast cells is 
cut across in all three, the sections evidently passing from a 
tangential towards a median plane, what is further confirmed 
by the following sections (that are not here figured), and in 
which a change in the opposite direction can be noticed, the last 
section again assuming the character of the first (i.e. of fig. 
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22). It must be inevitably concluded from these sections that 
at this stage of development the inner hypoblastic cell-mass is 
not compact, but hollowed out towards the middle. The con- 
stituent cells are all of the same character, rounded and not 
flattened. A faint indication of a commencement of a tension, 
by which part of these cells might be flattened, is seen towards 
the left lower corner of the hypoblastic mass in fig. 24. 

From figs. 6, 10, 23, 24, and 25, especially when compared 
to fig. 21 of the earlier stage, I would be inclined to conclude 
that the hypoblastic cells are more particularly in contact with 
the epiblastic wall at a definite point, which is situated a 
short distance below the knob that is going to develop into the 
embryonic epiblast. I would suggest the possibility of this 
spot being directly comparable to what Selenka designates as 
the blastopore of the opossum, a spot which in the full-grown 
didermic blastocyst he is yet able to recognise as lying just 
behind (i.e. somewhat excentrically from) the germinal area. 
This question, together with that whether this blastopore could 
further be compared to that of Amphibia and lower Chordata, 
is, however, too important to be answered either one way or 
the other on data that are as yet so far from being exhaustive. 
Still, I may not omit calling attention to it, all the more 
because in many preparations that are not figured the same 
point of contact between hypoblast and epiblast at these early 
stages is noticed, and is correspondingly situated. When once 
the hypoblastic cell-mass has become a hollow sphere with a 
cell wall that is one cell thick, this hollow sphere does not im- 
mediately fill out the segmentation-cavity. This cavity persists 
for a short time between the epiblast and the hypoblast, both 
of which have the form of closed sacs. Very soon, however, 
the inner hypoblastic sac is closely applied against the epiblastic 
wall, but at the same time a marked differentiation along two 
distinct lines has set in between the constituent hypoblast-cells 
which, in the earlier stages just referred to, were not yet different 
from each other. 

Thus in the preparations figured sub N°: 4—7, 18, and 2] — 
25, the hypoblast cells (which enclose the cavity that will de- 
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velop into the future yolk-sac) have all the same character, are 
equally thick and none of them flattened out. A flattening is 
distinctly noticed in fig. 26, where the hypoblast-sac is applied 
against the epiblast, and it is there at the same time noticed 
that the hypoblast cells adjacent to the polar knob (the future 
germinal area) do not take part in this flattening process. In 
other words, those hypoblast cells that will become the hypo- 
blast of the germinal area and of the embryo are already at this 
early stage histologically distinct from those that will clothe 
the cavity of the yolk-sac. This same differentiation can be 
noticed in the figs. 8 and 27, 14—20, and 39. 

For the appreciation of the facts here developed it deserves 
very special attention that the three embryos, from which the 
figs. 22—24, 25 and 26 were made, have been taken from the 
same uterus, and have undergone exactly similar and simulta- 
neous treatment. It may be called a fortunate chance by 
which a clearer insight is certainly gained into the facts here 
recorded, that these three embryos have attained slightly 
different stages of development, fig. 26 being in advance of fig. 
25, and this again being further developed than figs. 22—24. 

Compared with the stage of fig. 21 (which was obtained from 
a different mother), they appear to me to form a continuous 
chain, from which no other conclusions with respect to the 
development of the hypoblast can be drawn, than those which 
I have here brought forward.! 

If we want to know whether the different mode of develop- 
ment of the hypoblast in the hedgehog, as compared to its 
development in the rabbit, the opossum, the mole, &c., admits of 
any reasonable explanation, I think we may safely answer in the 

' The peculiar development of the hypoblast in the hedgehog was described 
by me at the Wiirzburg Congress (‘ Anat. Anz.,’ iii, p. 511). E. van Bene- 
den expressed doubts as to the validity of my interpretations (loc. cit., p. 514). 
Later on I obtained still more conclusive preparations in favour of the 
views held by me, and have given a summary exposition of the case, in the 
‘Anat. Anz.,’ iii, p. 906. This allows me to omit a further debate on the 
question, whether artificial retraction of the hypoblast might have brought 
about the aspect of some of the preparations given by me. ‘This question is 
discussed loc. cit., p. 909. 
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affirmative. Rabbit, opossum, and mole correspond in one 
respect with each other in which they all differ from the hedge- 
hog, viz. that in all of them the blastocyst develops freely in 
the general lumen of the uterus, whereas in the hedgehog, as 
we will more fully discuss in a later chapter, the youngest 
blastocyst is encapsuled in a fold of the uterine walls that 
closes over it. This fact leaves a much more restricted space 
for the hedgehog’s blastocyst to undergo its early developmental 
phases in than what is available for the three first-named 
genera, that have the whole uterus lumen to extend into. 
The consequence is that at corresponding stages of develop- 
ment the blastocysts of the three first-named genera 
are of much larger size than those of the hedgehog. 
They are not only visible to the naked eye, but may be removed 
from the uterus with the tip of the scalpel.} 

The cubic size of the hedgehog’s blastocyst being thus many 
hundred times less than that of the rabbit, &c., we cannot 
wonder that this difference in size is reflected in the process of 
development of the primary layers. The smaller the space is 
which the blastomeres occupy in these early stages, the more 
probably the phases of a true holoblastic segmentation might 
be expected to reappear. ‘The influence of the large-sized 
yolk-sac on the early phases of development would then cer- 
tainly have diminished to some extent. And, I believe, that 
on these grounds we are justified in attaching considerable 
value to the phenomena of development of the hypoblast in 
those Mammalia where the early stages of the blastocyst are 
thus reduced in size. The more so as there actually is more 
similarity between these phenomena, as I have described them 
in the hedgehog, and such as we notice in those lower 
vertebrates where no yolk is present, and where the hypoblast 


1 This fact has, in the beginning, been the cause of the involuntary 
destruction of early developmental stages of the hedgehog, which I searched 
for in the way that is indicated by van Beneden, Heape, and others; but 
which [ did not succeed in finding in the uterus lumen, at the same time 
unknowingly injuring the spots where they lay concealed! Experientia 
docet ! 
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cells form a continuous layer from the beginning. However, 
also on this point we would not be justified in drawing con- 
clusions from one case. More numerous examples from other 
orders will only enable us to decide about the phylogenetic 
value of the phenomenon to which I have here called attention. 

In the preliminary notice above referred to (‘Anat. Anz.,’ 111, 
p- 911), I have further pointed out the influence which these 
facts might have on more general speculations about the 
germinal layers of the higher Vertebrata, such as are contained 
in van Beneden’s paper in the ‘ Anatomischer Anzeiger,’ lil, p. 
710. He there declares that the two primary layers of 
mammals and birds, as they are known since the time of 
Pander and Von Baer, should not be regarded as homologous 
with the epiblast and the hypoblast of Amphioxus. I will not 
in this memoir return to the discussion of that point, as was 
my original intention, but will rather put it off till a later 
occasion when the formation of the mesoblast in the hedge- 
hog will be entered upon. The fact that Van Beneden’s more 
detailed paper has not yet appeared (July, 1889) makes this 
all the more appropriate. 

The early stages of epiblast and hypoblast have now 
received due notice. Between the moment of the separation 
of the embryonic epiblast from the polar projection till the 
first appearance of the primitive streak and the mesobiast 
there lies a period of growth during which the diameter of the 
blastocyst increases to about five times its length, the cubic con- 
tents thus being about centupled (cf. figs. 15—20 on Pl. XVI). 
During this rapid growth the hypoblast flattens out more and 
more with the exception of that in the germinal area, which 
retains the more cubic aspect it already showed in the very 
early stages. The outer epiblastic layer also flattens out, and 
gradually assumes a villiferous aspect (Pl. XVI, figs. 15—20, 
20a). The spaces between the villi correspond to what in the 
stage of fig. 14, Pl. XVI, and of figs. 7 to 9, Pl. XV, and 
fig. 39 of Pl. XXII, are the intercellular lacune in the wall 
of the blasto-cyst, and are there marked sp. 

The peripheral portions of what we have called the polar 
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knob of the blastocyst overcaps the embryonic epiblast, after 
this has entered upon its independent development. It is 
marked @7. (a) in the figures of Pl. XVI, where a comparison of 
the figs. 15—17 with figs. 18—20 will give a general, a compari- 
son of figs. 15 a and 17 a with fig. 20 6, a more detailed idea of 
the changes which this part undergoes during the early stages 
up to the appearance of the mesoblast. At all events it thins. 
out considerably. It should once more be noted that also the 
attachment of the embryonic epiblast to the outer wall, which 
by the nature of the case is massive at the beginning (figs. 15 
—17), thins out as the epiblast of the germinal area increases in 
size. For a time the epiblast of the germinal area may be said 
to be suspended to the wall of the blastocyst by a thin circular 
membrane (ep.’ in fig. 20 6, P]. XVI). The circular attachment 
of this membrane extends centripetally (as described above), 
when the somatic amnion folds are being formed and the sus- 
pension just mentioned ceases at the moment the amuion is 
completed. 

A comparison of figs. 17 @ and 208 on Pl. XVI with figs. 51 
and 52 on Pl. XXV will be useful fully to understand this phe- 
nomenon. Of the different portions of the blastocyst which we 
have hitherto noticed and described in their several ontogenetic 
phases, those that contribute to the formation of the ger- 
minal area and of the embryo shall not be any further noticed 
in this memoir. Nor will I here describe the appearance and 
the development of the mesoblast. 

But we will now turn to a full description of the morpho- 
logical details that are connected with the physiological process 
of the nutrition of the embryo. We have followed the embryo 
up to the stage of the didermic blastocyst. We know that after 
the appearance of the third layer two extra-embryonic regions 
are soon formed which are more especially entrusted with the 
providing of food and oxygen to the growing embryo, viz. the 
vascular areas on the yolk-sac and on the allantois, respec- 
tively connected with the embryo by the vitelline and the 
allantoic vessels. It has been very generally accepted that 
only after the appearance of one or of both of these vascular 
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areas nutritory processes could be said to be established, 
the serous membrane playing a more passive part, until the 
vascular allantois came into close connection with it, and a 
true chorion was established. We will see that our general 
conception of the process requires a careful revision, because 
.1n such primitive Monodelphia as are the hedgehogs : 

(1) peculiar nutritory facilities are already offered to the 
idermic blastocyst before the formation of either of those two 
vascular areas ; 

(2) the serous envelope (as a double layer of epiblast and 
splanchnic mesoblast, which arises simultaneously with the 
formation of the amnion) does not as such take any important 
part in the preparation of the said facilities ; 

(3) the outer cell layer of the didermic blastocyst very 
actively contributes to bring them about ; 

(4) the further part played by that epiblastic cell-layer 
alone in extending and perfecting the nutritory facilities, 
both in the omphaloidean and in the allantoidean regions is 
much more extensive and important than was hitherto ever 
expected. 

These points will all be duly developed in the further course 
of this memoir. If I here recapitulate them it is to demon- 
strate the desirableness of introducing certain new names into 
mammalian embryology. Those new names must be partly 
applied to embryonic, partly to maternal tissue, partly to both, 
when in the later stages of foetal nutrition they have come to 
be blended together very intimately. I have with especial care 
tried to select this nomenclature in a way that excludes mis- 
understanding and at the same time allows of application to 
other mammals than Erinaceus. I have tried to evade an 
undue overburdening of the nomenclature with new terms, on 
the principle introduced by Haeckel in naming new genera, viz. 
by using a common prefix for such formations as are in close 
connection with each other, independently whether they are of 
foetal or of maternal origin. ‘Thus the terms trophoblast, 
diplotrophoblast, trophospongia, trophosphere, &c., are suc- 
cessively used and explained in this paper, and the reader 
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will be able to judge whether they do not facilitate both 
the understanding of and the discussion about developmental 
phenomena that are complicated in themselves. It may give 
rise to an increasing confusion if we continue to apply to the 
Mammalia terms that may yet do good service in the domain of 
the Sauropsida, but that cannot be rigorously applied to their 
hairy and suckling descendants. ‘There is all the more reason 
to discontinue the use of many of these terms because of the 
different use that has been made of them by successive authors. 
In an appendix to this article the nomenclature will be more 
fully tested in comparison to what is at present current. It 
will then be seen that I have only introduced it where it was 
strictly necessary. 

The first new name of which I want definitely to establish 
the significance (it was first used by me in the ‘ Anat. An- 
zeiger,’ vol. ili, p. 511), is the name trophoblast. I propose to 
confer this name to the epiblast of the blastocyst as far as it 
has a direct nutritive significance, as indicated by proliferating 
processes, by immediate contact with maternal tissue, maternal 
blood, or secreted material. The epiblast of the germinal area 
—the formative epiblast—and that which will take part in the 
formation of the inner lining of the amnion cavity is, ipso 
facto, excluded from the definition. Even when the layer as 
such may be very passive (e. g. the Carnivora!) the use of the 
name trophoblast will render unnecessary such circumlocutory 
expressions as “ outer epiblastic layer of the blastocyst,” “ pri- 
mitive exochorion,” &e. 

And so, referring back to the hedgehog, which we have just 
been investigating more fully, we can speak of the trophoblast 
at very early stages. When once the polar knob, which will 
partly develop into the embryonic epiblast, has become distinct, 
the divisions of the epiblast into a formative and a nutritive 

1 During the correction of this memoir 1 see from a paper by Heinricius 
on the dog’s placentation (‘ Arch. f. mikrosk. Anatomie,’ vol. xxxiil, July, 
1889), that this author is inclined to attribute very direct phagocytical pro- 
perties to the outer layer of trophoblast cells in that Carnivore. The name 


of trophoblast would then be eminently appropriate even for this order of 
Monodelphia. 
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portion has set in. As soon as the dise of embryonic epiblast 
is actually split off no confusion between “ epiblast,” s. str., 
and ‘ trophoblast ” is any more to be feared. 

With the further development of the hedgehog’s embryo we 
may distinguish that portion of the trophoblast against which 
. the vitelline circulation is applied from the mediodorsal portion 
against which it is not. The former I will call omphaloidean, 
the latter allantoidean, trophoblast; their distinction by these 
two adjectives being merely proposed for convenient reference 
to the different regions of the trophoblast. On Pl. XVI the 
letters tr. (o.) and ¢7. (a.) are used to distinguish them. In 
the early stages figured on Pl. XVII, figs. 26, 27; Pl. XXII, 
fig. 89, and in the diagrams 29 and 80, the hypoblast is closely 
applied against the trophoblast. Their relative aspect and 
position is represented more in detail in figs. 41 and 42. Soon 
the mesoblast is inserted between them (cf. diagrams 31 and 
32), the splanchnic portion developing blood-vessels and blood 
(fig. 43, m. sp.), the somatic portion being an attenuated 
membranous cell-layer (fig. 48, m. som., 51 and 52), and 
forming, together with the trophoblast, the diplotrophoblast. 

Even in the region where the formation of the extra-em- 
bryonic coelom (“‘ausserembryonale Leibeshéhle”) has not 
extended, because the somatic and splanchnic layers have not 
separated, the presence of a separate thin cell-layer of somatic 
mesoblast can yet be distinctly made out (cf. diagram 32 with 
fig. 43). But at the same time it can always be demonstrated 
that this somatic layer is a very insignificant structure when 
compared to the more massive trophoblast, the cells of which, 
instead of being flattened as are the somatic mesoblast cells, 
are more bulky with distinct granular protoplasm. Com- 
parison of figs. 43 and 52 shows that this applies as well to the 
allantoidean as to the omphaloidean diplotrophoblast. 

This striking difference between somatic mesoblast and 
trophoblast becomes still more accentuated in the next de- 
velopmental phases, represented by diagrams 33, &c. We 
then see that the villiferous trophoblast of figs. 20, 43,51, and 
52, undergoes a series of very important changes. ‘The cells 
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increase in number (T77., figs. 44 and 53), and instead of form- 
ing compact masses they arrange themselves into radial and 
horizontal partitions, in which the flow of maternal blood is 
distributed. The size of the lacune with maternal blood- 
corpuscles immediately contiguous with blastocystic tissues is 
not in this way reduced as would appear at first sight from the 
description here given. On the contrary, we see that very 
large lacune persist (fig. 53, Sp.), but that at the same time 
the thickening which the trophoblast undergoes in conse- 
quence of the proliferating process here alluded to, leads to 
the replacement of the unicellular layer (77. of figs. 43, 51, 
and 52) by a region of very different aspect (44 and 53, Tr.), 
which it would be difficult to derive from that more simple 
starting-point, but for all the intervening stages which I have 
at my disposal, though they are not all here figured. 
Simultaneously with this histological change which the 
trophoblast undergoes, and with the enlarged capacity of its 
spaces, sp., for the reception of maternal blood, a more or less 
stratified layer of fusiform flattened cells is seen to be inter- 
posed between the trophoblast and the modified maternal 
tissue. This layer is marked s/. in figs. 44, 53, 54, &e. 
I would reserve my opinion in how far any embryonic elements 
enter into the composition of this layer, and cannot decide 
whether it is wholly embryonic or wholly maternal, or whether 
it is of mixed origin. The fact is that this layer coincides 
with the boundary line between embryonic epiblast and 
maternal decidual tissue, i.e. an imaginary line in the tropho- 
sphere,! which is on purpose not indicated in any of the dia- 
grams of Pls. XVIII and XIX, in which the colour is sufficiently 
indicative of such a fusion between grey maternal tissue and 
black embryonic trophoblast. The changes here more fully 
considered go on in the trophoblast of the upper half of the 
blastocyst; along the lower surface, where the mesoblast has 
not yet penetrated between tropho- and hypoblast, the former 
retains the aspect of the earlier stages above referred to. 


1 This name will be more strictly defined further on (p. 322); the region 
indicated by it includes both maternal and embryonic tissue. 
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In the details of this process of metamorphosis of the tropho- 
blast there is no difference whether we consider the omphaloi- 
dean or the allantoidean diplotrophoblast. The latter, however, 
develops without having any other embryonic tissue immediately 
applied against it; the former is from the beginning contiguous 
with the splanchnic mesoblast of the yolk-sac, i. e. with the area 
vasculosa. This contiguity, as well as the relative significance 
of splanchnic and somatic mesoblast in the area vasculosa, which 
was already noticed above, and can be further gathered from 
fig. 43, not only facilitates the early interchange between foetal 
and maternal blood in this region, but also leads to the 
establishment of regular and massive villi, by which the 
yolk-sac is intimately interlocked with the omphaloidean tro- 
phoblast. An omphaloidean placentation is thus brought about, 
mesoblastic warts, ridges, and outgrowths being soon sur- 
rounded on three sides by the trophoblastic proliferation. In 
these yolk-villi the vessels of the area vasculosa send out loops. 

Certain of the chief afferent and efferent vessels of the area 
vasculosa, on the other hand, are found as if suspended by 
mesobiastic tissue in the cavity of the yolk-sac, adherent against 
the concave surface of the area vasculosa, and visible as pro- 
minent larger vessels, when these stages are inspected in the 
fresh state and looked at from the inside of the opened blasto- 
cyst. The extension of the area vasculosa is indicated in 
diagrams 82 to 35 by the thick red line; it is seen to adhere 
to the trophoblast along a zonary region, which embraces 
about one half of the entire surface of the blastosphere. In 
the further development of this region of vitelline circulation, 
intimately interweaving with the proliferating omphaloidean 
trophoblast, we must clearly distinguish a climax and from 
thence a diminution and a retrogressive development. 

The climax is attained at about the period that the allantois 
commences to spread out against the allantoidean trophoblast 
(diagrams 32 and 33). The thick omphaloidean villi and their 
surroundings are represented with a view to their histological 
detail in fig. 44; embryonic blood-corpuscles are seen to circu- 
late in the very top of these villi, It should be remarked that 
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the villi attain to a much larger size than is represented in this 
figure, shapes of inverted cones, cubes, &c., and being far 
from rare. The villi are so large and prominent (larger than 
those hereafter to be noticed for the allantois), that when the 
yolk-sac is peeled out of the trophoblast they are easily visible 
to the naked eye. They reach downwards as far as the area 
vasculosa extends. There is no sinus terminalis on the hedge- 
hog’s area vasculosa, although one large vessel, which may have 
misled Fleischmann (lL. c. p. 50), certainly occupies the situation 
where we would expect a sinus terminalis. As, however, from 
this vessel not only centripetal vessels towards the embryo, but 
also centrifugal ones, are seen to emerge, it cannot be called a 
sinus terminalis in the ordinary sense. 

Most curious is the change which is brought about in this 
villiferous vascular region of the yolk-sac, as gradually the 
embryo increases in size, and as the allantois spreads out 
against the dorsomedian diplotrophoblast. 

There is no doubt but that the yolk-sac circulation increases 
for a considerable time, and is of the highest importance to 
the embryo. A time comes, however, at which the embryo 
and amnion grow larger at a much greater speed than the 
whole blastocyst. The yolk-sac is then pushed inwards (ef. 
diagrams 33—35). In consequence of this a larger and larger 
portion of the villiferous area vasculosa is gradually peeled out 
of its trophoblastic surrounding, with which these villi have 
not been so intimately soldered that the process here alluded to 
is in any way impeded. Fig. 44 gives evidence of the process ; 
very numerous other sections are still more demonstrative, and 
show the hollow spaces of trophoblast into which correspond- 
ing omphaloidean villi have fitted. The latter are still in the 
immediate vicinity, but have been scaled out by the increasing 
amnion. Another phenomenon, no doubt, accelerates this 
enucleating process, viz. the fact that the maternal tissue out- 
side the trophoblast, which will be described in the next 
chapter, thins out very considerably all over the region of the 
omphaloidean trophoblast. No such decrease is noticed in the 
region of the allantoidean trophoblast. But with the gradual 


STUDIES IN MAMMALIAN EMBRYOLOGY. 303 


decrease in thickness of the first-named region (ef. diagrams 31 
—35), it is easily understood that.its maternal blood-supply is 
considerably diminished, and that the raison d’étre of the ompha- 
loidean attachment must at the same time dwindle away. The 
further continuation of the process here described can be gathered 
from the comparison of diagrams 34 and 35 ; the latter leading 
up to the final stage of reduction which the yolk-sac undergoes 
in the later stages of pregnancy, and which is represented in 
fig. 36. Curious histological modifications of the vitelline 
villi have at the same time come about (figs. 45 and 46). The 
circulation of embryonic blood on the yolk-sac is diminished 
but never ceases entirely, and even in a yolk-sac that remained 
attached to the torn membranes of an after-birth, found loose 
in a uterus after expulsion of the embryo, bright red arterial 
blood was still contained in these vitelline vessels. Frommel 
notices a similar phenomenon in the bat.! The histological 
modifications are more especially expressed in the shape of the 
cells. These increase in size after the villi have been pulled 
out of their trophoblastic sheath and have large nuclei. They 
have an evidently epithelial aspect, and are figured for as late 
a stage as that of the diagrams 35 and 36 in figs. 45 
and 46. Another peculiarity about this remarkable retro- 
gressive metamorphosis of the yolk-sac are the very regular 
longitudinal foids in which the yolk-sac is always found in the 
ripe stages, viz. plaited against the animal’s belly with one 
median and two lateral folds (cf. fig. 36). This folding is, as 
far as I can make out, brought about by the arrest of growth 
of the yolk-sac at a certain stage of its retrograde development, 
combined with regular displacements which the embryo under- 
goes during the successive phases of pregnancy. I will just 
touch upon these displacements in order to explain the folding 
process here referred to. Up tothe first appearance of the allan- 
tois the embryo is symmetrically situated with its back turned 
towards the trophosphere. When the allantois appears and 
increases in size and the head enclosed in its “ pro-amnion ” 


1 R. Frommel, ‘Ueber die Entwickelung der Placenta von Myotus 
murinus,’ Wiesbaden, 1888, p. 27, 
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grows larger, the hinder part of the trunk and tail are turned 
about 90° (cf. diagram, fig. 33), so that the embryo turns one 
side of its trunk and tail towards the allantoidean trophoblast, 
the other towards the yolk-sac. The head all the while pro- 
jecting into the cavity of the yolk-sac. With the further 
increase of the yolk-sac the head is retracted from its pro- 
amniotic covering, and the whole embryo has then assumed a 
position in which one of the sides of both head and trunk are 
turned towards the allantoidean trophoblast. The diagram, fig. 
34, corresponds with this stage. During the later stages of preg- 
nancy the embryo again turns over to its original position, the 
middle of the back finally facing the middle of the placenta 
(diagram, fig. 36). This turning process is simultaneous with 
the arrest in growth of the yolk-sac, and it is thereby that the 
latter is so neatly folded. Different stages of the folding are 
in my possession as separate preparations, but more space need 
not here be devoted to a full description of them. 

In the later stages of pregnancy we have seen that the om- 
phaloidean trophoblast has played out its part, that it becomes 
thinner and thinner, and finally membranaceous, together with 
what we will have to describe as the decidua reflexa in the 
next chapter. We know that the villi of the yolk-sac are then 
retracted from their corresponding crypts, and we have only 
still to inquire whether any special phenomena can yet be 
noticed concerning the thin layer of somatic mesoblast which 
was already noticed in the incipient stage of the yolk-sac de- 
velopment, which is figured in fig. 43. It follows, from my 
preparations, that this layer does assume a peculiar aspect. 
When a larger and larger portion of the surface of the yolk-sac 
is loosened from its close connection with the trophoblast the 
extra-embryonic ccelom increases, and the somatic and splanchnic 
portion of the mesoblast are simultaneously definitely separated. 
The thin layer of somatic mesoblast, which I have already 
referred to above, and which in its relation to the allantois 
will be discussed by-and-by, undergoes a very distinct modifi- 
cation in those regions where the yolk-sac was formerly 
adherent to the trophoblast, i.e. all along that portion of the 
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peripheral surface of the extra-embryonic celom that is not 
taken up by the placenta. The region is indicated by a thin 
orange line in the diagrams, figs. 36, 35, and 34; it is repre- 
sented from the actual preparation in figs. 44, 48, and 45. It is 
there seen that the constituent cells of this thin somatic layer 
—one cell thick—assume a more cubic shape in these later 
phases, and that at the same time a homogeneous layer is 
developed between it and the trophoblast, this homogeneous 
layer increasing in thickness till the period of birth. It is a cha- 
racteristic feature in the later stages of the foetal membranes. 

I find the homogeneous layer, with the somatic mesoblast 
cells loosely attached to it, even in an after-birth that was 
encountered post partum in the uterus. Fig. 48 gives the first 
indication of these changes in the layer of somatic mesoblast. 
Fig. 45 has reference to the much later stage, when the layers 
external to it, which are still easily comparable and recognisable 
in fig. 48 (Tr., Trs., sl.), have extended and have become 
membranaceous. 

We have now to consider the phenomena of the allantois 
entering into connection with that part of the trophoblast 
which we have termed the allantoidean trophoblast, and which 
is situated antimesometrically.!. The process preludes with the 
metamorphosis of the trophoblast above described. This meta- 
morphosis, although leading to a quite similar result as in the 
region of the omphaloidean trophoblast, offers a few points that 
deserve special mention. 

In the first place, the early stages of the allantoidean tropho- 
blast are somewhat less distinct than those of the omphaloidean, 
because of its origin out of the cell material that overcaps the 
germinal area. These cells undergo a great amount of stretch- 
ing during the early developmental phases (see fig. 205 and 
fig. 51). And only in favorable cases can the allantoidean 
trophoblast be as distinctly made out as it was in the prepara- 
tion of fig. 52, in which it may be said to have attained to the 


1 Even in the rare cases that came to my notice of twins and triplets 
having the yolk-cavity in common, the several embryos were all thus situated 
that they took up the antimesometrical surface, 


3806 A. A. W. HUBRECHT. 


same stage that is pictured for the omphaloidean trophoblast in 
fig. 43. Generally the stretched condition of the cellular 
elements which clothe the roof of the cavity above the ger- 
minal area—the cavity in which the somatic amnion folds bend 
upwards, and for which Selenka’s designation of ‘‘ Markam- 
nionhdhle ” would not be unfit—hardly permits to identify 
them with their morphological equivalents in the region of the 
area vasculosa. 

Starting from the stages of figs. 51 and 52, the histological 
changes that occur in the allantoidean trophoblast are seen to 
evolve quite gradually in the same way as it wasjust described 
for the omphaloidean trophoblast. Fig. 53 illustrates this, and 
if we compare fig. 52 with fig. 53 it will be seen that in the 
latter figure there is still the innermost thin layer of flattened 
somatic mesoblast cells, which in fig. 52 had just given up its 
connection with the mesoblast of the amnion. Between this 
somatic mesoblast and the maternal elements, 77s., there is, 
however, a layer, 7., of more considerable thickness than the 
villiferous cell layer of figs. 51 and 52. I have no doubt in 
assigning a purely embryonic origin to this comparatively 
thick layer, Jr. It is seen to be derived from the layer Tr. in 
the preceding stage. Here again the phenomenon is one of 
growth and proliferation, both of the villi of the trophoblast 
and of the trophoblastic tissue between these. This has assumed 
a loose, more or less spongy or arachnoideal aspect. Maternal 
blood circulates in it, as was the case in the foregoing stages, but 
in addition to the spacious lacunee that are present between the 
trophoblastic villi of fig. 52, numerous secondary cavities and 
additional blood-spaces have made their appearance, and are, 
as those of fig. 52, in direct communication with the maternal 
vessels. 

A very distinct stratified layer of flattened cells (s /.) is here 
present, as in the omphaloidean region between the trophoblast 
and the maternal tissue. Before the allantois is far enough 
advanced in development to come into contact with this highly 
sanguiniferous trophoblastic tissue, the latter is seen to show 
another feature which may be said to prepare close intermix- 
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ture of trophoblast and allantois. The trophoblastic blood- 
spaces, enclosed as they are in thin layers of cellular tissue, 
show a marked tendency to bulge out into the cavity (the extra- 
embryonic ceelom) in which the allantois is developing. In 
many of the preparations this roof of diplotrophoblast, against 
which the allantois is going to extend, instead of being flat, as 
fig. 53, is mammillated. The surface is undoubtedly increased 
in that way, and the allantois finds the surface against which it 
is going to be applied as it were prepared for the reception of 
allantoidean outgrowths, ridges and villi. That this is in fact 
the way in which the allantois finally effectuates its contact 
with the trophoblast, is demonstrated by numerous preparations 
in my possession. One of these is represented in fig. 54. It 
is there, moreover, seen that the somatic mesoblast can also 
in this mammillated phase of the trophoblast be sometimes 
detected as a very thin membrane between trophoblast and 
allantois, which here and there would even seem to be inter- 
rupted, and which at all events does not in its turn proliferate 
as do both the trophoblastic and the allantoidean tissues.!. The 
further growth and development of these two tissues leads 
to the formation of the definite allantoidean placenta, simulta- 
neously with the phenomena above described of the retro- 
gressive metamorphosis aud final disappearance of the ompha- 
loidean placentation. The allantois is at the outset a thick- 
walled sac with very numerous blood-vessels in its walls, and 
witli strands of tissue radially connecting these walls at different 
points. It retains these general characteristics during its 
further growth, the walls becoming relatively thinner as the 
size of the allantois increases, and the radial strands forming 
pillar-like communications between the opposite surfaces. 
Blood-vessels of the allantois, leaving the body of the embryo, 

1 For Vespertilio murinus Frommel describes and figures (I. c., pl. 
vi, fig. 13) a preparation which is in many respects comparable to what 
I here described for the hedgehog. A certain amount of proliferation of the 
somatic mesoblast (though not very conspicuous) appears to have been 
noticed by him in this mammal, where the mammilliform projections of the 


trophoblast offer undoubted analogy to what I have noted for the identical 
region in Hrinaceus, 
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can thus reach the opposite side of the hollow allantoidean sac, 
either more directly along these strands of connective tissue, 
or they can follow the surface and then enter the discoid area 
of placentation at the border. These two methods are actually 
present side by side; and in the ripe embryo, shortly before 
birth, the allantoic vessels connecting embryo and placenta 
are seen to encircle the embryo on one side in a common 
bundle. Behind the embryo’s back the vessels composing this 
bundle separate and run in different directions, some being im- 
planted in the centre of the placenta, some running towards its 
border, there to insert and further to ramify themselves. 
Diagrams 34—86 give indications of the facts here referred to. 
The cavity of the allantois is retained during the whole em- 
bryonic life; the inner hypoblastic lining may for a long time 
be traced, and is also histologically distinct (fig. 54—56, h y. a) 
from the mesoblastic allantoidean tissue. Ramified connective- 
tissue cells and a more hyaline ground-work carrying the 
allantois vessels are there noticed in later stages, as represented 
in figs. 54—56, ail. 

Tt is from the wall, which is applied against the diplotropho- 
blast, that the villiform or ridge-like outgrowths of the allantois 
take their origin, which will fuse more and more completely as 
the age of the embryo advances with the superposed trophoblast. 
In an early stage they are figured on Pl. XXV, fig. 54, and 
seen to be provided with blood-vessels from the outset. 

The trophoblast cells, where they overcap the allantoidean 
villus, are seen to retain a more or less epithelial arrangement, 
and this arrangement is retained during the next phase of 
development (fig. 55). It is even still visible—although some- 
what more indistinectly—in a yet later phase (fig. 56), but in 
the ripening and full-grown placenta this arrangement has 
disappeared, and the fusion of the cell material of the villi with 
the cellular trophoblastic tissue is so complete that it is im- 
possible to draw the boundary line between the two. This can 
be fully appreciated by a glance at fig. 57, which has reference 
to the nearly ripe placenta. 

My preparations show that the villi are radially implanted 
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upon the allantois surface. This may serve to explain how it 
is that in figs. 55 and 56 the villi, a. v., do not all of them appear 
to be connected with the allantois tissue. The section has 
made a small angle with the general direction of the villi and 
thus of most of them the stem has not been cut but only the 
_ top, which would here give the false impression of being 
detached from the allantois itself. That the villi again tend 
to ramify is visible in fig. 56,and at the same time that the 
extremity of the villus is attached to the maternal tissue by 
strands of trophoblastic cells, these strands being exceedingly 
short when the villus is long and reaches through the whole 
thickness of the trophoblast, as do most of them in the ripe 
placenta (cf. fig. 57). The villi in the ripe placenta are so 
intimately fused with the surrounding tissue that they can in 
many cases only be recognised (at least peripherally and in a 
section that is not rigidly perpendicular) by the embryonic 
blood-corpuscles that are contained in the vessels. These em- 
bryonic corpuscles, e. 6/, have the character of maternal leuco- 
cytes, much more than of the maternal red corpuscles m. b/. by 
which the surrounding trophoblastic spaces, sp., are gorged. 
About these trophoblastic spaces a few words will suffice in 
addition to what was already noticed when the earlier stages 
were described. They have since increased in size, but their 
mutual relation as well as their mode of communication with 
the maternal tissue has remained the same. The stratified 
layer retains its character as such even in the stage of fig. 55. 
In preparations of the later stages it was no longer very 
marked ; and it appears that its cellular elements, losing their 
elongated and fusiform shape, mingle with the outer layers of 
the subjacent trophoblast. Perhaps this fact may be looked 
upon as an argument to include the stratified layer with the 
embryonic instead of with the maternal elements (see p. 300). 
For myself I do not hold it as yet to be conclusive evidence 
either way and prefer to reserve my judgment as above formu- 
lated. At all events there is, if not any strict boundary line, 
at least a visible difference between the lower half of the 
placenta consisting of trophoblast and allantois and the upper 
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half consisting of more or less considerably modified maternal 
tissue that will be more fully described in the following 
chapter. 

When the placenta, after parturition is in its turn detached 
and is found free in the uterus-lumen (as it was noticed by me 
on more than one occasion), a section still more clearly reveals 
that difference between the two constituent parts, a difference 
which was known both to Nasse and Ercolani, although the 
real origin and the nature and details of the difference escaped 
their attention. 

The trophoblastic portion of the placenta when the latter has 
thus become a true after-birth is seen in sections to correspond 
to the stage fig. 57; it has acquired the aspect of a still denser 
network of which the meshes are formed of the allantoidean 
and trophoblastic constituents, the spaces between the meshes 
being filled with maternal blood. The after-birth is disc- 
shaped; the foetal membranes are attached to its border (cf. 
fig. 86); against its concave surface the allantois may be 
detected ; its convex surface is modified maternal decidual tissue 
that overcaps the deeper lacunar regions of the placenta in 
which the villi are bathed. 

We have now followed both yolk-sac and allantois through 
their principal phases. We have seen that they enter into very 
intimate interlocking not with any maternal tissue, but with 
purely embryonic cell-material to which we have applied the 
name of trophoblast, and which undergoes different phases of 
increase and decrease in thickness and in extension according 
to the age of the blastocyst and according to the portion of its 
wall which we examine. This trophoblast we have seen to be 
highly lacunar, the lacune to be filled with maternal blood. 
And so it is not the question: how do allantois and yolk-sac 
succeed in approaching vascular regions of the maternal 
uterine tissue? but: (1) How does the trophoblast become 
connected with the maternal tissue long before the appearance 
of either vitelline or allantoidean circulation? (2) What modi- 
fications do the maternal tissues undergo in order to bring 
about the unexpected result that maternal blood freely circu- 
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lates in embryonic tissue from the earliest down to the latest 
stages of pregnancy ? 

With these questions we will have to deal in the following 
chapter. 


Il. The Histological Modifications in the Uterine 
Tissue during Pregnancy. 


In examining transverse sections of a uterus of the hedge- 
hog in the earliest stages of pregnancy, the remarkable dif- 
ference cannot escape detection which obtains between the 
four to eight spots where the blastocysts lie, as compared to 
the intervening regions. Even though there may be as yet no 
externally visible sign that the uterus is indeed pregnant, save 
a very faint swelling. ‘This swelling is in some cases hardly 
conspicuous, and it is certainly less marked than other local 
swellings that often accompany the period of involution of the 
uterus after parturition. These latter stages are particularly 
noticed in August and September, and are easily mistaken for 
early stages of pregnancy—a mistake which it is all the more 
important to notice as sometimes these very uteri are found to 
be pregnant for a second time in the same season. Careful 
examination is thus necessary in every particular case. 

The difference above referred to between the spots where the 
blastocysts lie and the intervening regions is diagrammatically 
represented in figs. 1 and 2 of Pl. XV. Fig. 1 shows a trans- 
verse section of the uterus, intermediate between two swellings, 
in which the blastocysts will become embedded. Here the 
lumen is compressed, and the utricular glands, coiled in their 
deeper portions close’to the blind ends, are in so far unequally 
distributed over the surface that the portion of the mucosa 
adjoining the mesometrium has much shorter glands, and is 
at the same time much less high, than the mucosa of the three 
other sides. The same difference is noticed in the uterus of 
young female hedgehogs that have evidently never been preg- 
nant. In these the mucosa is thinnest in the mesometrical 
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region, thicker opposite, and thickest at the sides. The dark 
tint of shading of the uterine tissue in fig. 1, immediately 
adjoining the lumen, is intended to indicate that in this region 
the interglandular connective tissue is much more compact 
than further outwards, where the cells have a more paren- 
chymatous aspect, and where the capillaries and small blood- 
vessels can on account of this be more easily traced than in 
the more compact inner portion. A true submucosa can 
hardly be said to be present. On the deepest regions, to 
which the glands descend, the muscular layers (inner circular, 
and outer longitudinal, with outermost thin sheath, in which 
fibres run at right angles with each other, and at angles of 
45° with those of the foregoing) immediately follow. The 
larger blood-vessels are seen to take their course in these 
muscular layers, and after parturition the uterus, even when 
it has shrunk to comparatively small dimensions, may easily 
be recognised from one in which parturition has not yet taken 
place by the considerable distension of which these vessels 
then show most evident traces. 

If we now compare a section through the region of the 
uterus where the blastocyst is found, with the foregoing, the 
most obvious difference is the change in the shape of the 
lumen, which is considerably reduced and modified through a 
process of very copious cell-proliferation that has taken place 
in the interglandular cellular stroma of the region diametri- 
cally opposite the mesometrium. The lumen in transverse 
section has exchanged its ; shape for a T shape. The pro- 
liferation here mentioned may be indicated as decidual neo- 
formation. It is not a process of perivascular proliferation, 
but of active increase of the subepithelial connective tissue, 
forming that part of the stroma of the mucosa which is indi- 
cated by a darker tint in fig. 1. This decidual metamorphosis 
is not restricted to the point opposite the mesometrium, but it 
also affects the interglandular tissue of the adjoining lateral 
uterine walls. The consequence of this active process is the 
change of shape of the lumen which was already mentioned, 
and is represented in fig. 2. At the same time more important 
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histological modifications in the region affected have set in. 
Among these must be noticed, in the first place, the occlusion 
of the lumina of the glands, the glandular epithelium remain- 
ing distinct in the earlier stages, but gradually disappearing. 
This occlusion affects both the mouth of the gland and the 
greater part of its course; the coiled terminations in the 
deeper parts of the mucosa are, however, much less visibly 
affected (fig. 2); whereas, close to the mesometrium the glands 
(which are here shorter) retain their normal character and 
their opening till much later (cf. figs. 2 and 37). 

Parallel with the gradual disappearance of the glands there 
is to be noticed a strong development of the vascular channels 
and capillaries in the swollen region. In the earlier stages, 
such as those of Pl. XV, fig. 2, and of Pl. XX, fig. 37, this 
development is in no way manifest by an increase in the 
number of distinct lumina, but in favorable preparations it 
may be noticed that processes preparatory to the formation of 
vascular lumina are actively going on. The smaller arterioles 
running in a centripetal direction from the muscular region 
into the mucosa send out delicate ramifications, from the ends of 
which vasifactive outgrowths (often recognisable by a different 
degree of absorption of the staining solution) penetrate in all 
directions between the proliferating interglandular connective 
tissue. These delicate ramifications are not as yet distinctly 
hollow tubes (fig. 37). In the early stages this active increase 
of vascular and vasifactive tissue does not in any way diminish 
the compactness ef the proliferating decidual region of the 
mucosa; rather the contrary. One particularity of this region 
is very easily understood from the condition under which the 
proliferation comes about, viz. the presence of a special de- 
pression on the surface of the proliferating region that faces 
the uterus lumen. This depression is not a cylindrical pit (as 
might erroneously be concluded from an isolated transverse 
section, such as the one represented in fig. 2 of Pl. XV), but 
a longitudinal groove, continued towards both ends into that 
fold of the mucosa of the unimpregnated uterus which is dia- 
metrically opposite to the mesometrium. It owes its origin to 
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the fact that the intensity of the proliferation is not equally 
distributed in the swollen part of the mucosa, and hardly 
affects the mesometrical region, a folding of the opposite 
surface being the natural consequence. It is in the middle of 
this gutter-like depression that the earliest blastocyst is found 
(Pl. XV, fig. 5, and Pl. XX, fig. 37). My preparations do not for 
the present allow me to give a definite answer to the question, 
whether it is the blastocyst that first induces, by its presence 
in a certain part of the uterus lumen (where it stops on its way 
from the oviduct outwards), the decidual proliferation of the 
mucosa just described; or whether this proliferation and the 
swellings, with the gutter-like depression on the top that 
appears in consequence of it, are already on their way of being 
formed before the blastocysts have yet arrived on the spots 
where they will then definitely be lodged. The question is one 
that can only be answered by the finding of stages between the 
segmented ovum with two segmentation spheres (such as were 
noticed by Keibel in the oviducts close to the uterus lumen), 
and the earliest stages (Pl. XV, figs. 2, 4, 5, and 6) that have 
come under my own observation. I wish to point to this 
question as one to which further investigations will have to 
attend.! 

Once the blastocyst safely lodged in the bottom of the 
groove which is figured in figs. 2 and 5 of Pl. XV, and in fig. 37 
of Pl. XX (see also diagram, fig. 28), the processes of occlusion 
of the groove go hand in hand with the further development of 
the vascular arrangements in the proliferating decidual region. 
It was noticed that at the commencement the blastocyst 
reposes at the bottom of a groove, which in the figures just 
referred to is still seen to be in free communication with the 
uterus lumen. This communication is soon interrupted by 


1 | have observed a few cases in which a decidual swelling, with its gutter- 
shaped depression, was present and normally constituted, but in which there 
was no blastocyst. As, however, other swellings of the same uterus did 
contain embryos with the layers fully formed, I cannot look upon these cases 
as quite normal, and can thus only accord to them a very relative importance 
with respect to the question above referred to. 
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the combined action of two processes, viz. (a) the soldering 
together of the two opposite walls of the depression; (4) the 
formation of a blood-clot, insignificant in the beginning, but 
gradually becoming more massive, which is sweated out into 
the uterus lumen, in consequence of a peculiar hemorrhagic 
cedema. ‘This cedema is most distinctly noticed in the earliest 
stages along the lips of the groove (ef. figs. 2 and 87). In this 
region the proliferating blood-vessels very soon become con- 
spicuous as spacious lumina, that carry a strong flow of blood 
towards these lips. The latter, when the uterus is cut open in 
the fresh animal, are, indeed, easily recognised by their deep 
red, congested aspect. The process of formation of the blood- 
clot is not wholly limited to the lips, but it also takes place 
lower down, along the sides of the narrow groove. In sections 
blood-extravasates can often be noticed as passing between the 
epithelium cells, sometimes heaving these out of their place 
(Pl. XX, fig. 37). In further stages this blood-clot is seen to 
contain numerous remnants of cells that have thus become 
detached and enclosed during its formation (fig. 39). After 
a short time the sides of the groove approach each other, more 
especially in the vicinity of the lips, the clot in consequence 
assuming a more conic shape in transverse section with the 
broad end turned downwards, in the direction of the blastocyst 
(figs. 3, 7, and 89). Definite fusion of the two opposite lips 
of the groove is at last reached, the superficial tissue becoming 
at the same time more congested with blood than ever, and 
remnants of the primary blood-clot being distinctly traceable, 
both between the fused lips of the groove and the blastocyst, 
and outside of the former, 1. e. in the uterus lumen. Further- 
more, there is an accumulation of maternal blood between the 
elongated clot and the walls of the original depression (e, e, in 
fig. 39) right and left of it. It appears to me that, after occlu- 
sion of the lips maternal blood is not only accumulated, but 
may also circulate in these spaces, until in later phases, hereafter 
to be described, all circulation ceases in these regions. As 
the blastocyst increases in size the portion of the proliferated 
decidual region which we have here considered—i, e, the coalesc- 
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ing lips of the folds between which the blastocyst has disap- 
peared—becomes distended at the same time. Gradually it is 
more and more flattened out, and what was, in the stage of 
figs. 8, 37—39, still a compact mass of cellular tissue separat- 
ing the blastocyst from the uterus lumen, is in the later stages 
of development a gradually attenuating layer, which at the 
end becomes membranaceous (cf. diagrams 28—36). Its origin, 
above described, its further developmental phases (here rapidly 
sketched), and the fact that uterine glands open out both on 
the outer and on the inner surfaces of these coalescing folds, 
are so many points that demonstrate its direct homo- 
logy with what is known in the development of the 
human subject as the decidua reflexa. That it capsules 
off from the uterus-lumen a cavity in which the blastocyst is 
attached by means of villi that originally cover the whole sur- 
face (Pl. XVI, figs. 16—20), but that finally disappear, except 
in the discoidal placental area (see preceding paragraph, pp. 288 
and 295), is, of course, another point in which this fold reminds 
us of the decidua reflexa as it is known in the human subject. 
Comparison of figs. 2, 28, 29, and 37, with Kundrat and Engel- 
mann’s figure of the human reflexa (copied in Hertwig’s ‘Lehr- 
buch der Entwickelungsgeschichte,’ 1 Aufl., fig. 128), will 
further convince any impartial observer of the great similarity. 

In the hedgehog, as in the human subject, the blastocyst is 
thus in very early stages encapsuled within a projecting fold of 
the mucosa, and hidden from view when the pregnant uterus 
is slit open. This is also the case in Cavia and other rodents. 
Here, however, the process of occlusion within maternal tissue 
is very different from the one just described and from what 
obtains in man, as will be seen when comparing this account 
with Selenka’s (I. c. Pl. XIII) clear description. The rodent’s 
capsule which shuts off the embryo from the uterus lumen is 
analogous, that of Erinaceus homologous with the decidua 
reflexa of man. 

The phenomenon of hemorrhagic swelling along the lips of 
the incipient decidua reflexa is of a different nature from 
another phenomenon in which vascular tissue takes a promi- 
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nent part and which commences about at the same time at the 
bottom of the groove in which the early embryo is situated. 

It is to this phenomenon, by which the definite attachment 
of the embryo to the mother is brought about, that we have 
now to direct our attention. 

We have left the young blastocyst at the bottom of the 
groove (Pl. XV, fig. 5) as yet unattached to maternal tissue. 
The epithelium of the groove is still very distinct, although 
signs of a retrogressive metamorphosis at different spots are 
not wanting (fig. 37, 1). This retrogressive metamorphosis 
even goes hand in hand with a proliferation of the epithelium- 
cells, often still more clearly visible in a following stage 
(fig. 38). It appears that when the blastocyst comes into 
actual contact with it, the disappearance of the epithelium is 
still further accelerated. At least I have another embryo, taken 
from the same mother as the one that is figured on Pl. XV, 
fig. 5, and in which the embryo is seen to be wedged between 
epithelium-cells and touches the subepithelial stroma with a 
few of its own cells. ‘This is still more definitely the case in 
fig. 38, where one lateral surface of the blastocyst adheres 
against the compact decidual stroma without any remnant of 
the uterine epithelium between them, which shortly before 
must have covered that spot quite as much as it does as yet all 
the rest of the lumen /., and as it undoubtedly does in the 
figs. 5 and 37. 

The question immediately presents itself whether it is 
perhaps the direct active influence of the blastocyst itself, i. e. 
whether possibly the outer trophoblast-cells absorb the epithe- 
lium they come into contact with, the blastocyst eating its 
way, if I may use that expression, towards the deeper layer in 
which it is going to be safely and advantageously imbedded. 
It will suffice to have put the question for the present, and to 
postpone a definite answer till the time that the evidence of 
more numerous examples can be brought to bear upon it. 

Selenka has given an affirmative answer to this same ques- 
tion with respect to the mouse’s blastocyst and the uterine 
epithelium-cells with which it comes into contact (Keimblatter 
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der Maus, Pl. 1, fig. 6). Also in other rodents he has noticed 
similar facts, and so material for a more decisive answer i 
accumulating on different sides. When the hedgehog’s blasto- 
eyst has still further become embedded in the subepithelial 
stroma, no further trace of epithelium is detected round it; 
both in fig. 7 and fig. 839 we see that it has, so to say, sunk 
through the bottom of the depression, and that there is no 
trace of the epithelium that covered the spot where it has 
adhered (as we have already seen in fig. 38), but that even in 
these later stages the uterine epithelium is still preserved close 
above the embedded blastocyst (e., e., figs. 7 and 39). 

One other fact would perhaps make the view acceptable that 
there is indeed a direct destructive action exercised by the 
blastocyst leading to the local disappearance of the epithelium. 
This fact is figured Pl. XV, fig. 8 a, and more in detail Pl. XXII, 
fig. 39. The thickest part of the wall of the blastocyst (what 
we have called the polar knob in a preceding chapter) is here 
seen to surround a spherical cellular projection, which in fact 
is nothing else but a remnant of a uterine gland. This is of 
course no direct evidence, but the preparation certainly sug- 
gests the idea that the blastocyst, which appeared to have a 
corroding action on the uterine epithelium (fig. 38), is here 
caught in the act of attacking a fragment of tissue that is a 
direct derivate of that same uterine epithelium, and of which, 
also in later stages, no more traces can be detected in the - 
immediate vicinity of the blastocyst. 

And so the epithelium of the uterus takes no part in the 
attachment of the blastocyst, neither that of the depression J, 
nor that of the glands g/. The different phases which this 
disappearing epithelium further passes through can thus 
hardly interest us. Once the embryo safely lodged in the 
decidual stroma the epithelium is doomed to destruction, and 
we have seen above that the blood-clot there mentioned 
absorbs a great portion of its remains. It may suffice to 
refer to figs. 37, 38, and 39. 

Simultaneously with this embedding process of the blasto- 
cyst important modifications of the surrounding stroma of the 
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proliferated connective and vasifactive tissue have set in. 
What is first noticed is a certain loosening of the tissue round 
about the spot where the blastocyst lies. Fig. 38 indicates 
this. In the right half of this figure we see that the decidual 
tissue adjacent against the blastocyst is undoubtedly less 
compact than that which occupies the extreme right of the 
figure. 

On examining the preparations more closely we find that the 
reason of this diminished compactness is most of all the change 
which has come about in the finest blood-vessels and in the 
vasifactive tissue, close to the spot where the embryo lies. In 
fig. 37 no lumen can yet be detected in those vessels ; in fig. 
38 lumina are present, not, however, in the bulk of the decidual 
tissue, but close to the embryo, thus creating that looser region 
just alluded to. Moreover, these blood-spaces have from the 
first something peculiar to themselves, and may not by any 
means be identified with ordinary capillaries in the rest of the 
organism. This peculiarity finds its expression in a special 
differentiation, which the endothelial lining of these spaces 
undergoes, often from the very moment of their origin. Instead 
of a flattened endothelium, which we might have expected from 
the state of things that is noticed in an earlier stage (fig. 37), 
the endothelium is massive, bulges out into the lumen of the 
blood-space, and gives to this space a very characteristic aspect. 
In sections it can easily be distinguished from a cut gland into 
the cavity of which, even when it is nearly obliterated, the 
boundary cells never thus protrude. Nor can we be mistaken 
and regard as blood-spaces what others would perhaps suggest 
might be those very glands in stages of retrogressive metamor- 
phosis. I have carefully examined hundreds of sections, and 
can say with full conviction that the stages of reduction of the 
glands can be all through easily distinguished from these 
vascular spaces. Sometimes even the vasifactive tissue in its 
rapid development was seen to take the place just before occu- 
pied by a gland tube, but then the remnants of the glandular 
epithelium and the newly developing vascular endothelium 
could still be distinguished with satisfactory certainty. 


320 A. A. W. HUBRECHT. 


Maternal blood-corpuscies can already be detected in these 
vascular spaces. Blood-spaces, like those just described, become 
both more numerous and more distinct in the following stage 
(fig. 39), and again seem to congregate in the immediate 
vicinity of the blastocyst. In this stage the trophoblast has 
reached that relative maximum of development in thickness 
that was already discussed in the foregoing chapter, and which 
is characterised by the spaces, sp., as free cavities in the thick- 
ness of its multicellular extension. The traces of the retro- 
grading glands are still present, and whereas these glands are 
encroached upon by the cellular substance of the trophoblast 
as narrated above, the vascular spaces, with their swollen 
endothelium, enter into direct communication with the tropho- 
blastic spaces just alluded to. This is partly represented in 
the lower corner to the right of the blastocyst of fig. 89, and 
was, moreover, studied in numerous sections of this stage, of 
which I have several specimens, all of them cut up in series of 
sections. The most instructive stages in the development of 
the connecting region between the blastocyst and the maternal 
tissue are those that now immediately follow, of which I have 
again numerous specimens. Of this stage figs. 40 and 41 were 
taken, the first just outside of, the second through, the blasto- 
cyst. The central space in fig. 40 is thus a space that is 
immediately contiguous with the blastocyst; its contents bathe 
the blastocyst’s wall. The scale, at which the preparation is mag- 
nified in this figure, is considerably less than that of figs. 38 and 
39, but again corresponds with that of fig. 87, and with that of 
the figs. on Pls. XXIV—XXVI. The embryo itself is in the 
phase of PI. XVI, fig. 15, the trophoblast and subjacent hypoblast 
having already bulged out to a greater size, the relative thickness 
of the former has been somewhat reduced, its intercellular spaces 
have assumed the shape of cuplike depressions between irregular 
protuberances on the outer surface, and the spaces themselves 
have fused with the maternal blood-cavities that were already 
indicated in the foregoing stage. The latter cavities are still 
in an increased degree characterised by a thickened and pro- 
liferating endothelium. This applies both to those which 
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actually enter into communication with the trophoblastic spaces 
as to those which are situated at a certain distance from the 
blastocyst. In other parts of the decidual swelling these blood- 
eavities have retained a more flattened endothelium, as is 
usually characteristic for capillaries, and as indicated by letter 
c. in figs. 40 and 41. I cannot say whether the figures here 
given suffice to carry conviction to the reader that, indeed, the 
process by which these endothelia are affected necessarily leads 
to the formation of a layer of bulky cells with conspicuous 
nuclei, immediately surrounding the blastocyst, and at the 
same time enclosing spacious blood lacunz. I have attempted 
to demonstrate that these cells are the modified endothelial 
layer of blood-cavities, which have gradually appeared in the 
interglandular stroma of the uterine mucosa, simultaneously 
with the proliferating process which changes that part of the 
mucosa into the so-called decidua. The blood-spaces are thus 
no ordinary distended capillaries, but formations ad hoc, and 
the vasifactive stroma by which the aforesaid cells are thus 
produced is a structure sui generis. Still it is not the 
cells of the stroma itself, but those by which the blood-cavities 
are more particularly clothed that undergo the metamor- 
phosis here described. 

If the figures here given fail to carry such conviction, I can 
only say that the very numerous preparations which I have 
looked through do not allow of any other interpretation. And 
still more convincing is the comparison with the next stage, 
one section of which was figured sub n° 42, the embryo 
being in the stage between figs. 16 and 17, Pl. XVI. In fig. 42 
little is to be seen of maternal blood-cavities with proliferating 
endothelium. We only detect the trophoblast Tr. of fig. 41 still 
further attenuated, and showing villiform processes, by which 
it is attached to a compact cell-mass Tys., in which a sparse 
cavity is only here and there present. Outside of this cell-mass 
we notice the decidual tissue, in which the decidual stroma D. 
and the blood-vessels can be separately recognised. This 
compact cell-mass Trs. is the product of the further continua- 
tion of the endothelial proliferation, which was above described 
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and figured in figs. 40 and 41. If we examine further sections 
of the series to which fig. 42 belongs it is there seen that they 
illustrate the process still more definitely. Such a section is 
here not figured, but if it is taken just outside of the blasto- 
cyst and its compact cellular investment 77. s we find that very 
numerous blood-cavities are there close together, and all of 
them with an extraordinarily proliferating endothelium. They 
are so close together that it can from them be well understood 
that a continuation of the same process must lead to absolute 
contiguity of the products, i.e. of the proliferated endothelium- 
cells. It is to this cell-mass of which we have just traced the 
maternal origin, that I propose to give the name of tropho- 
spongia. The blood-cavities inside of it have, as a rule, lost 
all trace of endothelium; in very rare cases in isolated spots 
traces of endothelium can still be noticed. Between the cells 
no remains of the decidual stroma as such can be detected, but 
this is immediately visible outside of the trophospongia. What 
is now and then—rarely though—found amongst these tropho- 
spongian cells are the remains of a gland and its epithelium, 
sometimes in the shape of an epithelial ring encircling a space 
that was formerly the gland cavity. We can well understand 
that such remains can occasionally be found embedded in the 
trophospongia if we turn back to fig. 89 and here suppose the 
process to have further advanced. Remains of the glands gl. 
would no doubt continue to be visible if the spaces c. a. and 
their endothelial lining increased so as to eliminate, in the 
immediate surrounding of the blastocyst, the interglandular 
connective-tissue stroma. It will at the same time be obvious 
that by the process here described a zone of modified cellular 
tissue is interposed between the as yet unaltered decidual 
stroma and the blastocyst. We have called the external epi- 
blast in which we have noticed proliferation the trophoblast, we 
have named the maternal, thicker layers the trophospongia. 
These two together, forming in Erinaceus a sphere which is 
shut off from the uterus lumen by the fusion of the lips of the 
decidua reflexa, should be indicated by the name of tropho- 
sphere, 
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Already in preparations as that of fig. 42 (diagram 29) the 
trophosphere may be detected with the naked eye on holding 
the section against the light. 

In later stages this is of course still more emphatically the 
case. And the name here given to that region has, besides its 
convenience, the advantage of indicating that in the whole of 
the spherical region thereby designated special arrangements 
for the nutrition of the very youngest blastocysts have very 
rapidly developed, independently of what will later be the 
phenomena of placentation, omphaloidean or allantoidean. 

We must acknowledge that a spherical] arrangement, as 
present in Erinaceus, is rare (Primates?), whereas correspond- 
ing regions of the rabbit might be indicated by the name of 
trophodisc, that of the bat and mole of trophocalyx, &c. The 
use of the name placenta must in these early stages inevitably 
lead to confusion, and yet a designation is necessary to indicate 
that nutritory arrangements have been established between 
the blastocyst and the maternal circulation. 

In the early developmental stages of the trophospongia, of 
which fig. 42 is an example, the trophospongia is very compact, 
although blood lacunz between the cells, communicating cen- 
tripetally with the widened and flattened spaces of the tropho- 
blast and centrifugally with the blood-cavities in the decidual 
tissue, are unmistakably present, and contain maternal blood- 
corpuscles. The blood cavities in the rest of the decidual 
tissue that has not undergone the modification described as 
the trophospongia, and which were uot as yet visible in stage 
fig. 87, make their appearance and become very conspicuous 
soon after the stage of figs. 39 and 40 has been reached. The 
vasifactive tissue noticed in fig. 87 has expanded, numerous 
and spacious lumina are bounded by an endothelium, which is 
not flattened but very distinct, the cells more or less bulging 
out into the lumen, though not so prominent as the endo- 
thelium of the vessels close to the blastocyst, from which the 
trophospongia has originated. 

The general change brought about when the decidual swell- 
ing 1s no longer a wholly compact mass, but is everywhere 


324. A. A. W. HUBRECHT. 


perforated by these blood-spaces, can best be appreciated by 
comparing transverse sections, as figs. 2 and 3, with each 
other. From the moment that the trophospongia is formed 
the maternal decidual tissues may be said to develop and 
to undergo histological modifications along two different lines. 
That which constitutes the trophospongia can be studied quite 
separately from that which remains outside of the outer 
boundary line of the trophosphere. 

We will successively study the alterations which these two 
regions undergo during the course of pregnancy, and conclude 
by the examination of the changes occurring in that part of 
the mucosa which has taken no conspicuous part in the 
decidual proliferation, which is situated opposite the decidua 
reflexa, and which might—topographically !—be compared with 
the decidua vera of the Primates. 

Beginning with the trophospongia, we notice that its outer 
boundary line (being at the same time that of the trophosphere), 
though not yet sharply marked off in the stage of figs. 40 and 
41, is well defined in that of fig. 42. There is a rather sudden 
passage from the cell-mass of the trophospongia to the exter- 
nal decidual tissues where the blood-spaces have still an endo- 
thelium, and where the constituent cells are more fusiform, 
being generally arranged with their long axis perpendicularly 
to the radius of the trophosphere. This arrangement increases 
and becomes more and more conspicuous in the later stages 
when the fusiform shape is distended into a fibriform, when 
the nuclei become at the same time more elongated, and when 
in consequence the cellular constituents of that portion of the 
decidual tissues more and more assume the aspect of a circular 
fibrous layer (fig. 44). Closer examination always renders it 
possible to distinguish clearly between this layer, which assumes 
that fibrillar aspect, and the circular muscular coat, which is out- 
side of it, and which was fibrillar from the outset. I have been 
obliged to make this digression concerning a tissue which will 
be more fully described lower down, because for a full under- 
standing of the modifications in the outer regions of the tro- 
phospongia it is desirable to picture to ourselves the character 
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of the tissue with which these regions are in immediate con- 
tact. In a stage following upon that of fig. 42, and thus coin- 
cident with the first preparatory processes of the formation of 
the mesoblast in the embryo a difference in size of some of the 
trophospongia-cells, which was already indicated in the stage of 
fig. 42, has become very marked and at the same time localised. 
Cells of larger size are found amongst the general mass of 
smaller ones, but in the peripheral strata of the trophospongia 
they have become especially numerous. Not only is the body 
of the cell larger than that of the majority of the trophospongia- 
cells, but also the nucleus is of comparatively gigantic dimen- 
sions. Sometimes I find these larger cells of the outer layer 
closely packed, the boundary lines assuming a polygonal shape, 
as they often do in the rest of the trophospongia (figs. 43 and 
44), But generally the outer layer is seen to be less compact 
than the inner denser ones, and in the prepared sections the 
large cells have then often an irregular multipolar or ragged 
aspect, which may be due to the mode of preparation, but 
which must still be borne in mind whew we shall come to 
discuss the significance of this layer of cells. 

Besides their larger nucleus these larger cells often contain 
granules in their protoplasm which stain very strongly with 
carmine, and in many of them I have been able to detect cor- 
puscles embedded in the protoplasm which I could not do 
otherwise but identify with nuclei of decidual cells, situated 
outside the boundary line of the trophospongia. The more so 
as certain of these decidual cells are seen to undergo retro- 
gressive phases (fig. 47). The nucleus of these larger cells 
is sometimes constricted, and in a few cases I have observed 
direct division of the nucleus without intervening karyokinetic 
stages. In the preliminary notice referred to in a former 
chapter (p. 293) I have proposed to name these large cells 
deciduofracts. The propriety—physiologically speaking 
—of this name will be discussed in a following chapter. I 
will here only notice that their protoplasm has very often (in 
the preparations in balsam) the aspect as if it were gorged with 
or formed of material of red blood-corpuscles. The latter being 
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abundantly found in the neighbourhood can easily be com- 
pared, as far as size and shape are concerned. Also in a 
following chapter I shall have to return to this feature, similar 
preparations in other mammals (rabbit, &c.) having induced 
other authors (Masquelin and Swaen, Frommel, &c.) to discuss 
the possible significance of certain decidual layers as seats of 
formation of red blood-corpuscles. 

It must finally be noticed that the thickness of the layer of 
the deciduofracts as the outer peripheral layer of the tropho- 
spongia varies very much ; sometimes ouly very few, sometimes 
numerous deciduofracts separating the more compact tropho- 
spongian tissue from the external decidua (fig. 44). And 
whereas in every preparation it is possible to find transition 
stages between the smaller trophospongia-cells and the large 
deciduofracts, there is never any transition stage which would 
allow of the conclusion that the decidual tissue outside the 
trophosphere gradually changes into this, its cells first assum- 
ing the shape of the peripheral deciduofracts and then of the 
deeper trophospongian layers. As the series of sections 
through all the successive stages all point in the same direc- 
tion, this excludes the possibility of constant new additions 
being made from the outer decidual tissue to that of the 
trophosphere, and we will have to place the increase of the 
latter to the account of its own elements, increasing at the 
first instance by self-division and proliferation. Still we have 
seen that (in the stage of figs. 40 to 42) the elements of the 
trophospongia do in the first instance arise out of those of the 
decidual swelling. 

Another detail which belongs to the ines of the 
trophospongian region deserves special notice. Among the 
true trophospongian polygonal cellular elements, but more 
often among the deciduofracts, patches of tissue are encoun- 
tered, which to all appearance do not belong to the tropho- 
spongia, but which have, on the contrary, the aspect of 
isolated patches of the tissue that composes the outer decidual 
layers. Even remnants of the epithelium-cells of the uterine 
glands (cf. fig. 89) still adhering together as rings (the 
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glands being cut transversely) were more than once encoun- 
tered between the trophospongian cells, evidently embedded 
there temporarily and on the way of further disintegration. 
They were already noticed above (p. 322). 

This phenomenon corresponds to what we noticed in figs. 8 a 
and 39 at younger stages when not the trophospongian ele- 
ments but the trophoblast-cells had to contend with the 
evidently stronger resistance against disintegration offered by 
the cellular constituents of the uterine glands. 

But it is especially at the extreme outer border of the tro- 
phosphere that peculiar phenomena deserve our attention. 
Sometimes the boundary line between trophospongia and 
external decidua is flat and regular (fig. 47), the decidual 
elements always being in apparent retrogressive stages, which 
will be discussed further on. Generally, however, the line of de- 
marcation is far from being so regular, but is, on the contrary, 
considerably indented and ragged, patches of the decidual tissue 
projecting between the trophospongian cells, and being recog- 
nisable in their proper character: (a) by their partial adhe- 
rence to the decidual stroma; (6) by their histological 
character and their relation towards the staining reagent; (c) 
by their varied aspect in different sections, different embryos, 
and different ages. The discussion of the eventual physio- 
logical significance cf these phenomena is also better reserved 
for the following chapter. 

Recapitulating the origin of trophospongia and deciduo- 
fracts out of maternal tissue, s. stv. out of endothelium of the 
blood spaces of the decidual swelling, close to the blastocyst, 
two points should still be insisted upon : 

(1) That I cannot positively exclude the possibility that 
perhaps cells belonging to the decidual stroma may not at the 
time the trophospongia is formed take part in its formation. 
So much is certain that if they play any part at all, this is 
very much subordinate to that of the endothelial elements. I 
must at the same time repeat that it is in no way a pheno- 
menon of perivascular proliferation by which we can account 
for the origin of the hedgehog’s trophospongia. This seems, 
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however, to occur in the rabbit (Masius, a. 0.). Perivascular 
proliferation is not absent in the hedgehog, but, as we shall 
presently see, it occurs in other regions and in other stages, 
and would at the utmost only play a very secondary part. 

(2) That by the mode of formation here described there 
would be reason to suppose that between the blastocyst and the 
coagulum (coa. of figs. 7 and 39), which co-operates towards 
the closure of the lips of the reflexa, no trophospongian tissue 
is developed. Asa matter of fact there is at the outset no 
maternal tissue between the blastocyst and this coagulum (of 
figs. 7 and 39), and no maternal blood-spaces can thus in loco 
originate a trophospongia. Still in later phases the tropho- 
spongia is seen distinctly to be present in that region and to 
develop an outer layer of deciduofracts. I explain this fact by 
an ingrowth of proliferating maternal tissue in the region indi- 
cated at a period about corresponding with that of figs. 40, 41. 
In the preparations corresponding to the first-named figure 
cells are noticed occupying this space. They are evidently 
of the same nature as those of the rest of the newly developing 
trophospongia, and they certainly do not belong to the tropho- 
blastic (embryonic) tissues, nor can they be derived from the 
uterine epithelium which has disappeared and become disinte- 
grated prior to their appearance. 

The free spaces in the trophospongian cell-mass, as a matter 
of course, increase in number as the trophospongia increases 
in size. Their free communication with the trophoblastic 
spaces, of which we have traced the origin in preceding pages, 
is somuch more general, and the fusion of the maternal tropho- 
spongian with the embryonic trophoblastic tissue so much 
more complete, that the evidence of the early genetic stages is 
emphatically required to bring the conviction that, in the tro- 
phosphere of stages 29—82 (diagrams), two elements of 
different origin ought actually to be distinguished. Later on, 
the double nature of the trophosphere is again much more 
easily demonstrated by the different developmental phases 
which the trophoblast undergoes, and which were fully 
described in the preceding chapter. When once that phase 
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has been entered upon, and when the layer of stretched cells 
(sl.) has developed (see pp. 300, 306) between trophospongia 
and trophoblast (figs. 44, 53, 54), the trophospongia may be said 
to have passed its culmination stage in so far as henceforth the 
greater portion of it undergoes a retrogressive metamorphosis. 
This goes parallel with the retrogressive phases of the tropho- 
blast described on p. 304, and affects the region which we may 
call the omphaloidean trophosphere. The general phases of this 
retrogression are represented in diagrams 33—386, a special 
feature in fig. 45. I will not follow these retrogressive phases 
in any further detail, although very numerous preparations 
are at my disposal. I will only note that a strong flow of 
maternal blood to the incriminated portions of the tropho- 
spongia precedes and coincides with this metamorphosis, and 
that finally, after having passed through this phase of conges- 
tion and retrogression, the membranaceous stage of the 
trophosphere and decidua reflexa characteristic of the later 
phases of pregnancy is reached. 

We must now give a rapid glance at the allantoidean tropho- 
spongia, and then turn our attention to the outer decidual 
layers and the rest of the mucosa. The allantoidean tropho- 
spongia retains, in the later stages of pregnancy, the same 
thickness it had in the earlier stages, or may even be said to 
become thinner if we compare stages figs. 35 and 86 with 32 
and 38. But what gives it the appearance of considerable re- 
duction in thickness is the vast increase of the trophoblastic 
tissue and of the allantoidean mesoblast enclosed in it. It is 
thus, especially by comparison, that it may be said to become 
thinner as pregnancy advances (cf. figs. 54—57). At the 
same time certain of the blood-spaces it contains considerably 
increase in size, and can in sections be detected with the naked 
eye. The distinction between the deeper trophospongian layers 
and the deciduofracts is retained in the allantoidean (or 
placental, as we may also call it) trophospongia to the last, 
only the larger deciduofracts (dd., fig. 57) are much less well 
preserved in sections than are the smaller, deeper cells. As 
will be seen in the following chapter 1 am inclined to ascribe 
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this to the fact that the part of the deciduofracts may be said 
to be played out in this stage, of which their partial disintegra- 
tion would be the outwardly visible sign. At all events, both 
the nuclei and the cell-contours are much less distinct in the 
ripe placenta, and in several specimens they can even not be 
made out at all. Still a distinct trophospongia is a normal 
constituent even of the shed after-birth. It gradually thins 
out towards the borders of the placenta, where it merges into the 
membranaceous remains of decidua reflexa and omphaloidean 
trophosphere. 

Finally, we must give our attention to that portion of the 
swollen decidual mucosa which is not converted into tropho- 
spongian tissue, and to the non-swollen mucosa opposite, 
against which the foetal membranes are applied without fusing 
with it, as they do in the Primates, where the decidua reflexa 
and the decidua vera are fused at an early stage. We have 
left it (see p. 823) when the vasifactive tissue which ab 
origine took part in its constitution, beeame more and more 
visible as blood-spaces characterised by a protruding endothe- 
lium. ‘These spaces, communicating peripherally with the 
normal arteries and veins that encircle the uterus, and that are 
brought thither along the mesometrium, do not reveal by any 
distinct anatomical detail whether they are centripetal or cen- 
trifugal, whether they carry blood towards or away from the 
trophospongia. ‘Thus it may be said in general that in the 
actual decidual tissue, arterial and venous cavities are not his- 
tologically distinct. This character of the decidual swelling is 
retained in the stages of diagrams 30 and 31. Between the 
latter stage and that of 32 a noticeable change has. set in in 
the vessels of these peripheral decidual layers. Around many 
of them there is a distinct proliferation of the cells that con- 
stitute the stroma of the decidual swelling. ‘This perivascular 
proliferation gives to some of these blood-lacunz an aspect 
that is wholly distinct from that of the other vessels, which do 
not in the least participate in the phenomenon. In every 
section they may be noticed side by side, both close to and far 
from the trophospongia. In transverse sections the nuclei of 
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the connective-tissue cells forming the perivascular prolifera- 
tion are seen to be more or less arranged in concentric circles, 
the long axes of the elongated nuclei being perpendicularly 
situated to the radius of vessels and proliferation. Thereby 
the vessel and its accessory sheath, called forward by the pro- 
cess, obtains a certain distinctness, a certain independence 
from the rest of the decidua, and this is seen to be indeed to 
some extent the case, when at the edge of the section (the 
muscularis having first been removed) the vessel with its 
proliferation sheath is seen to separate comparatively easily 
from the stroma. The same is seen in the section of the fresh 
after-birth towards its convexity, i. e. the surface where it has 
been torn off from the remaining decidual tissue. Here the torn 
ends of the vessels that have proliferation sheaths often tend 
to separate by rents or fissures from the rest of the stroma. 
Inside of the proliferated cavity the endothelium bordering the 
lumen is always very distinct, and the same as in earlier stages, 
thus proving that here the proliferation is interstitial and not 
endothelial, as was the case in the formation of the tropho- 
spongia. 

It would be natural to suppose that this proliferation indi- 
cated either a venous or an arterial space, i. e. to assume that 
the distinction noticed between those blood-cavities that have 
it and those that have not, coincides with the different course of 
the blood-stream towards or away from the trophospongia. I 
am prepared to show that this is not the case, and that both 
amongst the afferent and amongst the efferent vessels there 
may be such that possess and others that are devoid of a pro- 
liferation sheath. I was able to convince myself of this in an 
injected specimen, where the injection mass had not sufficiently 
penetrated to reach the regions of the trophosphere. It was 
restricted to the larger afferent vessels of the mesometrium, 
thence it could be traced to the region opposite the meso- 
metrium, where the decidual swelling is attached, and here the 
injection mass was seen to have reached as far as a certain 
number of the decidual spaces, some of which had, whereas 
others had not, the perivascular proliferation. At the point 
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where the decidual tissue passes into the trophosphere the same 
distinction of the two sorts of blood-spaces is of course noticed, 
and the sheath of perivascular cells is seen to stand out boldly 
against the rest of the decidua, which shows more marked de- 
generative phenomena. There is, indeed, room for the sugges- 
tion that the perivascular cells join the trophospongia, which the 
rest of the decidual stroma can undoubtedly be said not to do, 
so that in these later phases, the material of which the tropho- 
spongia is built up would then not wholly be derived from 
endothelial proliferation, but would in part owe its origin to 
the cells that properly belong to the intervascular stroma. On 
p. 321 I have given the reasons why in the earlier stages I was 
not inclined to believe in any such participation; here in these 
later stages I will be somewhat more reserved in my opinion, 
and even acknowledge that certain preparations do encourage 
the interpretation, according to which the perivascular sheath- 
cells go and join the trophospongian cell groups. In other 
cases, however, a breaking up of the nuclei of the perivascular 
sheaths was also noticed, and this prevents me from generalis- 
ing the first observation. Here, as in so many points referred 
to in this memoir, we have as yet only the preserved prepara- 
tions from which to draw our conclusions, which for the active 
processes of growth and change we are studying 1s of course 
only an insufficient guide. 

Besides their possible contributions to the increase of the 
trophospongia, it must yet be asked if any other significance 
ought yet to be attached to these proliferative sheaths. I 
would suggest the possibility that they could act as regulators 
or even as obstructors of the blood-flow in the decidual, re- 
spectively in the placentary region. If that should be the 
case, it would be easy to understand why the phenomenon is 
noticed, both in the afferent and in the efferent vessels. I can 
do no more than indicate the problem, not offer any further 
points towards its solution. Neither towards that of the 
question, whether these vessels and their proliferation sheaths 
(fig. 50) are in any way comparable to what was noticed by 
Waldeyer and by Leopold (‘Studien tiber die Uterus Schleim- 


STUDIES IN MAMMALIAN EMBRYOLOGY. 333 


haut,’ p. 46) in the human placenta, where so-called “ zwie- 
belschalenartige” investments of certain decidual vessels are 
specially noticed by them in early and non-pregnant stages, 
but do not seem to be intermixed with other vessels without 
such sheaths as were noticed in Hrinaceus. Friedlander 
(‘ Physiol. anat. Unters. tiber den Uterus,’ 1870) has been the 
first to describe spontaneous thrombosis of uterine veins in the 
placentary region. Leopold (l. ¢., p. 88) brings further details 
concerning this process. I cannot gather from their descrip- 
tion points which would allow closer comparisons to be drawn 
between this and what was above noticed for the hedgehog. 
We now come to the decidual tissue itself. In the early 
stages (figs. 37—39) the cellular elements are bulky and poly- 
gonal, and the nuclei round and distinct. As pregnancy 
advances—the increase in size of the embryo inducing an in- 
creased stretching of the uterine walls—these cellular elements 
become more fusiform, and constitute the massive pseudo- 
muscular layer that was already described above (p. 324). It is 
against this tissue that—as we have noticed above—the deci- 
duofracts are applied ; it is in this tissue that the blood-vessels, 
both with and without a perivascular sheath, take their course 
towards the placenta. The name of fibrillar decidual tissue 
would seem to be best applicable to this region, which shows 
no considerable variation of histological aspect during the 
stages of pregnancy subsequent to that of diagram fig. 382, 
although its extension is diminished when the decidua reflexa 
has become membranaceous. It has the form of a cap over- 
topping the already convex upper surface of that region of the 
placenta that is formed of trophoblastic and allantoidean tissue. 
As such it forms a considerable part of the shed after-birth, as 
was already noticed on p. 331. This fibrillar decidual tissue, 
which is closest to the deciduofracts, often assumes a very 
puzzling aspect, all the more puzzling because it is not an in- 
evitable metamorphosis which the tissue always undergoes, con- 
sidering that sometimes it may be absent. This phenomenon 
generally includes a zone of a certain breadth, the inner 
surface being applied against the outer surface of the tropho- 
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sphere. Sometimes it is broader at one point than at another. 
Roughly speaking it might be thus indicated that the fibrillar 
decidual tissue is stretched in a direction perpendicular to that 
of the fibres. The consequence is an irregular reticular aspect 
instead of the compact fibres that normally form this tissue. 
At the same time the nuclei are drawn asunder, there being 
fewer of them on the same square surface than in the unaltered 
fibrillar tissue. The staining reagents give a much lighter 
tint to this region, for the very reason that the stainable 
material is so much further apart. Evidence that it is indeed 
the diminished compactness that gives its character to this 
part of the fibrillar decidual tissue is afforded by the fact that 
the vessels with perivascular proliferation sheaths also share in 
it. The proliferated cells are wider apart, as if their mutual 
cohesion had diminished. In the vessels that have no thick 
cellular sheaths no appreciable change is noticed as they pass 
through this reticular portion ; their endothelial lining remains 
distinct. When the vessels pass from the reticular layer into 
the trophospongia it was above indicated that the perivascular 
layer, when present, appears to fuse with the cellular matter 
of the trophospongia. It should be noted that this was only 
noticed in the allantoidean, never in the omphaloidean tropho- 
sphere. It must be acknowledged that the reticular, loosened 
aspect of the layer here described gives some support to the as- 
sumption that some connection might exist between the sup- 
posed phagocytical action of the deciduofracts and this change 
in the contiguous layer of the decidua. There is no ground to 
suppose that it is in any way the mode of preparation that lessens 
the cohesion of this inner layer. In all the most differently 
treated preparations I have found it in a greater or lesser 
degree, that was however quite independent of the mode of 
preparation. Fig. 44 D’ will give an adequate idea of the 
character of the layer here described. The boundary line 
between it and the unaltered fibrillar decidual tissue is usually 
a sharp one. 

We have finally to consider the phenomena that take place 
in the mucosa, as far as it is not directly concerned in the 
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formation of the decidual swelling. The first effect of the 
appearance of this marked swelling, opposite the mesometrium, 
is a stretching of the mucosa at the mesometrical side, where, 
as was noticed above (p. 311), it is less thick ab origine. 
Whereas the uterine epithelium that covers the folds of the 
reflexa shows distinct signs of commencing degeneration 
(fig. 87), the epithelium opposite is in no way similarly 
affected. But in consequence of the stretching just referred 
to, the depth of the glands that for the most part are very wide- 
mouthed in this region (fig. 37) diminishes. In the early stage 
of diagram fig. 30, this phenomenon of passive stretching has 
reached its height; during the further course of pregnancy 
more active phenomena are seen to occur in this epithelium on 
the mesometrical surface of the uterus lumen. Proliferation 
sets in, and indications of the rejuvenescence of this epithelium 
are not wanting. Clear, flask-shaped and cubic cells, with 
distinct rounded nuclei, are the elements that constitute it. 
Instead of the stretching which was noticed at the com- 
mencement, projecting folds are gradually noticed that protrude 
into the uterine lumen. They prove that the formation of 
new epithelial cells is even ahead of the stretching process, 
which of course goes on with inevitable regularity during all 
the consecutive phases of pregnancy. The position of these 
folds is influenced by the position of the decidual swelling with 
respect to the uterine lumen. Although the diagrams 28—36 
indicate the normal condition which is noticed in the majority 
of cases there were sometimes noticed slight irregularities in 
the position of the lumen, and these cases are specially in- 
structive to show that the folds of the proliferating uterine 
epithelium are very variable, and that their position is largely 
influenced by similar causes. In many preparations, especially 
when the lumen is more and more diminishing, I findthem pressed 
against the opposite surface of the decidua reflexa, and in con- 
sequence of the different reagents the proliferated epithelium 
is then often detached from the underlying muscularis, and ad- 
heres against the degenerating epithelial surface of the reflexa. 
This is certainly not the normal condition, and was not noticed 
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in very many instances, but it is in so far instructive, as it has 
a distant analogy to what takes place in the human subject, 
where the decidua reflexa, as it becomes membranous, is 
known to fuse with the decidua vera opposite. The chief 
difference in this case is that there is no decidua vera, but that 
the decidual neoformation is limited to the spherical knob; 
which was fully described above. In the stages of figs. 30 and 
31, during the passive stretching process that was referred to 
above, the crescentic shape which the uterine lumen assumes, 
in consequence of the appearance of the spherical decidual 
proliferation, becomes more and more accentuated. The points 
of the crescent are in this stage continued into the correspond- 
ing uterine glands, which here are submitted to very different 
forces of traction and distension than are in operation either in 
the decidual region or in the surface contiguous to the mesome- 
trium which we have just considered. Figs. 1—-3, on Pl. XV, 
give yet a more adequate idea of the phenomena I have here 
in view. As the distension of the uterus increases with ad- 
vancing pregnancy, these regions are also reached by the pro- 
liferating process described above, and in consequence of the 
combined processes of distension and proliferation these points 
of the crescent! gradually become the direct continuation of the 
lumen. The lumen thus finally surrounds the hemispherical 
protrusion, of which trophosphere and decidua reflexa are the 
constituent elements (figs. 32—34.), and the formation of a new 
epithelium with folds is seen to travel upwards towards the 
region where the placenta will be formed. This extension 
upwards of a renovated epithelium does not affect the surface 
formed by the reflexa, but the opposite surface. In the later 
stages, of which figs. 35 and 36 are the representatives, the 
phenomenon of proliferation becomes more and more accen- 
tuated, the points of the crescent penetrating further and 
further into the fibrillar decidual layer, and tending towards 
each other in the direction that is diametrically opposite to the 
mesometrium. This proliferation thus actively co-operates 


1 It is of course a crescent only in sections; in reality it is a cup-shaped 
space, 
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towards the final enucleation of the after-birth out of the re- 
maining decidual structures. Fig. 49 gives an idea of the 
aspect of the top of the crescent in these later stages, and of 
the character of the newly formed epithelial cells. It moreover 
shows that this proliferated epithelium is not strictly limited 
to the surface opposite the decidua reflexa, but that the portions 
of the decidual tissue, which are as yet not yet stretched into 
the membranous shape, and which may be called the margin 
of insertion of the decidua reflexa, are temporarily also covered 
by distinct epithelial cells, which later on share in the retro- 
gressive process when the transition from stage 35—36 takes 
place. However, we may feel sure that even at the moment 
the after-birth is severed from its attachment by a rupture that 
suddenly and violently unites the two tips of the crescent, a 
distinct epithelium covers for a certain distance that part of 
the convex surface of the after-birth corresponding to the 
point up to which the proliferation has reached. The convex 
surface of the decidua reflexa, the epithelium of which de- 
generates (fig. 37), can still be seen to be covered by that 
epithelium up to a stage between figs. 33 and 34. Later on it 
has disappeared, and reflexa, trophospongia, and diplotropho- 
blast are then reduced to what is indicated in fig. 45. 


III. The Physiology of the Hedgehog’s Placentation. 


In the preceding chapter I have purposely restricted myself 
to a description of the anatomical details and the successive 
changes that are noticed in the tissues of the pregnant uterus 
and in the developing blastocyst. Even those structures 
there described that evidently derive pre-eminent significance 
from nutritory purposes, were only superficially touched upon, 
in order not to confuse observation and description with in- 
ference and speculation. And so now we will have to consider 
more carefully under what conditions of nutrition and respira- 
tion the embryo of Erinaceus may be said to be placed during 
the different stages of pregnancy. There can be no doubt that 
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these conditions are more favorable than in many other 
mammals, certainly more favorable than those where the 
blastocyst develops in the uterus lumen without any further 
attachment to the maternal tissue, as in the Didelphia. The 
large amount of albumen which is present round the blasto- 
cyst in many of these (Selenka, Caldwell) may no doubt be 
interpreted as a remnant of Sauropsidian or Ornithodelphian 
arrangements, but the circulating maternal blood is certainly 
a richer source of nutritive material than an albuminiferous 
layer as the one here alluded to. From the fact that in those 
mammals that have reached the highest stage of differentiation 
the maternal circulation is most elaborately adapted to these 
nutritory functions we may, moreover, conclude to the higher 
perfection of this arrangement. It is only natural that the 
question, how this highest stage was gradually reached excites 
considerable interest. The current idea which seems to have 
taken root in modern embryological text-books is that the 
phylogenetic development of the new arrangement, which 
reached its culminating phase in the placenta of man, must 
necessarily have started from an arrangement in which the 
blastocyst, lying free in the uterus lumen, sought to attach 
itself by as many rootlets as possible to the maternal tissue, 
and that a network of maternal capillaries round these rootlets 
or villi was at the same time the starting-point for the maternal 
participation in the process of placentation. It is certain that 
we find similar primitive modes of attachment in the pig, this 
animal being considered by Turner and others to represent a 
mode of placentation that must have been transitory in the 
ancestors of all those that have at present a more concentrated, 
non-diffuse, but discoid placenta, as, for example, man. This 
is apparently confirmed by the fact that in man the chorion 
is villous all over in the very earliest stages, whereas later on 
only the circular part, known as the chorion frondosum, retains 
this character, the chorion leve losing its villi. 

Ina later chapter I will discuss this phylogenetic speculation 
at greater length. Here I must point out that the phase of 
the human blastocyst, in which it is villiferous all over, admits 
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of quite as much comparison with the early stages of the hedge- 
hog’s blastocyst (which, like man’s, is not free in the uterus 
lumen, but lodged in the recess formed by the decidua reflexa), 
as that it does with those of the pig’s. And I am at a loss to 
compare the arrangement of pig and hedgehog with each other. 
The first is visibly an adaptation by which an increased surface 
attachment of the blastocyst brings about more copious 
nutrition, the embryo being lodged in the uterus lumen; the 
latter is an adaptation by which the blastocyst that was in 
the earliest stages sunk into the maternal mucosa, and removed 
from the lumen, directly receives maternal blood into the 
thickness of its outer wall, the special arrangement by which 
this is brought about being also in the hedgehog, as in man, 
gradually restricted to a discoid region, and no longer occupy- 
ing the whole of the spherical surface. 

These few remarks may suffice to point out the relative 
significance that I wish to attach to these early stages of the 
hedgehog’s blastocyst. The manner in which the early blastocyst 
leaves its place at the bottom of the decidual depression, and 
after resorption of the uterine epithelium, becomes lodged in 
the centre of the decidual proliferation, was described above 
(pp. 317, 318), as was also the gradual development of free 
spaces in its outer wall, and of widened blood-cavities with 
proliferating endothelium in the surrounding maternal tissue 
(p. 319). The fact that the maternal blood passes at this very 
early stage from the latter into the former is of the very highest 
importance. ‘This fact alone will henceforth oblige us to sub- 
stitute in the phylogeny of the human placenta arrangements 
as we find them in the hedgehog to those that have hitherto 
been adhered to, and that were especially derived from the 
pig. At the same time the Erinacean arrangement cannot 
either be derived from that of the pig, and so we shall have 
to look for the preceding genetic stages amongst the Didelphia 
and amongst other lowly organised Monodelphia. 

That, indeed, at a very early stage of the hedgehog’s blasto- 
cyst the lacune (sp.) that bathe its outer surface, and of which 
we have studied the development in preceding chapters, are 
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actually filled with maternal blood, was repeatedly established 
by me by the aid of injections. These were made both with 
blue and red gelatinous injection-masses that were introduced 
into the crural artery of the mother. I have specimens thus 
injected belonging to stages of diagrams 29, 30, 33, and 35. 
The two earlier stages are especially instructive for what we 
are discussing at present. After having preserved the injected 
specimens in alcohol and having hardened them sufficiently, a 
section through the uterus and the middle of the blastocyst opens 
a free insight into the yolk-sac. We then notice that the hollow 
surface of the trophosphere is of a deep red tint, the injected 
mass being only separated from the yolk-cavity by two cell- 
layers, the trophoblast and the hypoblast. There was no trace of 
injection mass inside the yolk-sac, and not the least reason to 
suppose that the red colour alluded to was due to an extrava- 
sate. Microscopic sections confirmed this, and the way which 
the injection mass had taken along the mesometrical arteries 
upwards towards the centre of the decidual proliferation, from 
thence along the wide vessels of this modified portion of the 
mucosa towards the lacune of the trophospongia, and from 
there into the spaces of the trophoblast, can be most accurately 
traced. Even the backward flow by venous channels was made 
distinct by the injection mass, which, however, did not fill 
these spaces as it did the arteries, but was here only distributed 
to a certain extent amongst the maternal blood-corpuscles. 
The fact of the early presence of a copious flow of maternal 
blood in those spaces of which the figures 89—42 represent the 
early developmental stages is thus established beyond any 
doubt. We must in consequence assume that this maternal blood 
contributes to the growth and development of the blastocyst 
even long before an embryonic circulation has been established. 
How it achieves nutritory functions cannot with certainty be 
stated, nor whether it directly contributes to the accumulation 
of any nutritory fluid inside the yolk-sac. We can better picture 
to ourselves its mode of action at the moment the area vascu- 
losa has become established, and when there is thus only a 
thin partition between the vitelline circulation and the maternal 


STUDIES IN MAMMALIAN EMBRYOLOGY. 341 


blood that fills the trophoblastic spaces (fig. 43). This inter- 
action between maternal and embryonic blood in the region of 
the yolk-sac is of course considerably increased and intensified 
when the latter is folded into villi as was described above and as 
are figured on Pl. XXIV, fig. 44, the trophoblast becoming (as 
was more fully described on p. 300) at the same time better 
adapted for a very intimate interlocking with these vitelline 
villi. During this period a very effective omphaloidean placen- 
tation is thus undoubtedly present. In a preceding chapter we 
have already described the anatomical and histological pecu- 
liarities by which it is characterised, and at the same time the 
gradual decline of the nutritory facilities on the surface of the 
yolk-sac and their substitution by the allantoidean placenta- 
tion. The yolk-sac ceases to grow and is folded up, although 
its circulation never wholly disappears. The trophoblast 
against which it was applied becomes membranous together 
with the rest of the omphaloidean trophosphere and the decidua 
reflexa. 

The circulation of the maternal blood inside the omphaloidean 
trophosphere is not materially affected by the changes of this 
region during the developmental stages that follow upon that 
of fig. 42, these being more essentially phenomena of growth. 
Nor is it in the allantoidean region of the trophosphere, 
although, as we have seen in the preceding chapter, the changes 
by which the trophoblast is there affected during the advance 
of pregnancy, though at the outset directly comparable to what 
occurs in the omphaloidean region, lead to a very different final 
stage in which the interlocking of allantoidean and tropho- 
blastic tissue is much more intimate than ever was that of 
omphaloidean villi and trophoblast. Moreover, no phenomena 
of reduction such as those concerning the omphaloidean tropho- 
sphere are ever noticed in this region. It may be asked 
whether the Jayer, which in figs. 44, 48, 53, 54 is marked s/., has 
not a certain significance in regulating the flow of blood from 
the trophospongian cavities into the trophoblastic lacune. The 
stretched nature of its cells gives it somewhat the character of 
an intervening membrane. If we now suppose the delicate 
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trophoblast tissue to be overfilled with blood, this outer, 
stretched layer will at the same time have reached its maximum 
of tension, and thereby the small openings in it, through which 
‘the blood passes from the trophospongia into the trophoblastic 
lacune (figs. 44, 53) become stretched, i.e. smaller. Sup- 
posing the flow of blood to be thus diminished the tension 
might decrease, and the return to a less overfilled stage be 
brought about. It is easily understood that such a regulating 
apparatus would be most wanted at the time the trophoblast 
undergoes its sudden increase. It is actually in this phase 
that we find the layer s/. best developed. In the ripe placenta 
it leaves only faint traces (fig. 57). 

It must for the present remain a point of controversy whether 
the cells of the layer s/. are derived from maternal tropho- 
spongian or from embryonic trophoblast cells (cf. p. 300). They 
are situated on the boundary line between the two at a stage that 
these two have come to resemble each other in a very confusing 
way, and so I am not as yet justified in giving a definite deci- 
sion. However, I incline towards accepting their trophoblastic 
origin. Fig. 57 will show that certain preparations tend to 
favour this view, but I must repeat that I wish to postpone 
definite judgment on this point. Towards the end of pregnancy 
(fig. 57) the placenta has become a gigantic sponge, in which 
maternal blood circulates. I cannot decide whether this circu- 
lation is slower than that in the placenta of the Primates, where 
the lacunz are more continuous In the hedgehog they are in 
every direction traversed by trophoblastic tissue, in conse- 
quence of which the allantoic villi are not freely suspended in 
the lacunee, nor only attached to the serotina by some of: their 
longer tips, as is the case in the human subject, but are every- 
where sustained and surrounded by the cellular network and 
the meshes of the trophoblast. Reduce this trophoblastic net- 
work of the hedgehog’s placenta and the aspect will imme- 
diately resemble a section of the human placenta much more 
closely.1. The branching of the allantoic villi is more elaborate 


1 A comparison of fig. 57 with Sedgwick Minot’s cut No. 35, on p. 424 of 
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in man, but the type is foreshadowed in the hedgehog. It is 
often more complicated than that of the allantoic villi repre- 
sented in figs. 55 and 56. Moreover, the attachment of these 
villi to the trophospongia (which may be directly compared to 
what is the serotina in man), as well as the communication of 
the large blood-cavities in the trophospongia with the lacunz 
that bathe the villi, &c., constitute new points of comparison 
or even of resemblance between the human and the Erinacean 
placenta. In the latter the tissue which forms the convex 
surface of the after-birth, and which is composed partly of the 
proliferated decidual tissue (in its fibrillar phase), partly of the 
trophospongia, may be compared to what is called Winkler’s 
*“‘ Basalplatte ” in the human subject (cf. p. 333). 

We have now seen that the trophosphere and the maternal 
blood form together a very effective nutritory arrangement for 
the embryo; that embryonic and maternal elements are fused 
together so completely in the trophosphere as to make its 
double origin a point of difficult, though feasible and instruc- 
tive, comparative investigation ; and that by these arrangements 
the hedgehog’s blastocyst may be said to be from its very 
earliest stages fixed in a highly nutritive enclosure resembling 
that of the human embryo. 

The villi of the earliest trophoblast are diffused over the 
whole of the blastocyst; they are the pathfinders for the vas- 
cular outgrowths of both yolk-sac and allantois, and at the 
same time they develop into a reservoir of maternal blood. 
The vascular outgrowths of yolk-sac and allantois thus on no 
occasion penetrate or grow into maternal tissue; it is em- 
bryonic tissue that carries the maternal blood towards them. 

With regard to the tissues constituting the trophosphere, it 
may well be asked whether the great similarity in appearance 
and arrangement between the cellular elements of the tropho- 
spongia and of the trophoblast is not also highly conducive to 
that perfect fusion which is so effectual for the discharge of 
their important functions? At the same time the question 
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again arises, whether the outer layer of the trophosphere, 
which is far from being intimately fused with the external 
mucosa, and is characterised by the presence of the deciduo- 
fracts, may not be said to have a direct destructive influence 
on that mucosa, in which process the deciduofracts might be 
expected to play the part of phagocytes, attacking the proto- 
plasmic material in their neighbourhood. The field of specu- 
lation here opened cannot be further explored by myself. So 
much is certain, that the preserved deciduofracts of the pre- 
parations have. all the appearance of taking up into their pro- 
toplasm fragments of cellular and nuclear matters, sometimes 
even blood-corpuscles. Experiments with living deciduofracts 
might, under favorable conditions, throw more light on their 
supposed phagocytic properties. 

In support of the view that they act in this destructive way 
the appearance of the decidual tissue immediately contiguous 
with the deciduofracts may be cited. In transverse sections 
there is a very sharp boundary line between the outer decidual 
tissue and the trophosphere. Generally this line is not straight, 
but very much indented and irregularly broken, as if the 
decidual proliferation were subject to a process of erosion. 
The decidual cells along this boundary line lose their sharp 
coutours, they become more transparent, their nucleus fades 
or appears to be fragmented, and in very numerous instances 
could I notice that the large cells which I have designated as 
deciduofracts, and which are, as was just mentioned, imme- 
diately contiguous, enclose nuclei or fragments of these in 
their protoplasm which entirely resembled such fragments of 
decidual cells. In one word, we find the most conclusive 
traces of a process of resorption of the decidual tissue, the 
protoplasm becoming more or less liquefied, the nuclei par- 
taking in this dissolution or being bodily transferred into the 
protoplasm of the deciduofracts, where they have all the 
appearance of food-particles enclosed in a vacuole, the deci- 
duofracts representing so many phagocytes. 

Very instructive are those sections where this process of 
erosion of the decidua has just proceeded so far as to break 
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through the wall of one of the larger decidual Jacune; the 
contents of the latter are then seen to make their way out of 
the lacunz amongst the deciduofracts, and from thence further 
into the trophoblastic lacune. This was already indicated 
by the presence and distribution of maternal blood-corpuscles 
in this region, but raised to absolute certainty by the effects 
of the injection from the maternal arterial system. Parallel 
with this liquefaction and resorption of decidual tissue other 
deciduofracts are seen to make their way centrifugally by 
meaus of the decidual lacune that have once opened out into 
the trophoblast, and it is by that means that a further resorp- 
tion of decidual tissue, simultaneously with the increase in 
size of the enclosed embryo, is prepared and accelerated. 
Finally, it was found that in certain preparations remnants 
of glandular elements had longer resisted the action of the 
supposed phagocytal elements (pp. 322, 327), and by their 
presence amidst the tissues of the trophosphere appeared to 
betray a more active participation of the latter in the gradual 
reduction of the decidual proliferation. The fact that during the 
development of the embryo this decidual tissue arises ad hoc, 
obliges us to inquire carefully into the part it has to play in 
the economy of the embryo. We have learnt to appreciate its 
significance in the origin of the reflexa, in the preparation of 
blood-cavities, and in the formation of the trophospongia. It 
may well be asked if it might not be considered probable that— 
before portions of it become membranaceous—part of its proto- 
plasmatic matter has undergone resorption and served nutri- 
tory purposes? Once the decidua reflexa and the omphaloidean 
trophosphere having been converted into a membrane, the 
sphere of activity, and with it the physiological significance of 
the deciduofracts, would evidently be reduced. Even if the 
questions here referred to may all be answered in the affirma- . 
tive, it will further have to be made out in what way the 
material directly absorbed by the deciduofracts is again 
utilised in the further economy. Masquelin and Swaen have 
insisted upon the significance of cells of the decidua for the 
formation of blood-corpuscles. Frommel has partly followed 
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in their wake ; others have particularly insisted on the forma- 
tion of special nutritory fluids in the decidua to which the 
name of uterine-milk has been given. I will not here further 
discuss the value of these different views. It is probable that 
the arrangement as we find it in the hedgehog may also throw 
light on certain aspects of this question, which is much more 
of a physiological than of an anatomical or histological nature. 

To study the deciduofracts in the fresh state should be 
specially recommended to anyone who might feel attracted 
by the subject: to compare them—also in the fresh state— 
with large cellular elements carrying large nuclei that are 
found in the decidual tissue of the mouse and of other rodents, 
would be at the same time particularly necessary. Itis not my 
intention to inquire into their nature any further myself, and 
I hope the subject may soon be taken up by someone who is 
better fitted for the task. The hypothetical functions which I 
have ascribed to the deciduofracts, will then, perhaps, not stand 
the test of crucial examination. I hope, however, that it may 
be recognised that in the present state of our knowledge this 
hypothesis recommends itself by several arguments. 

I cannot conclude this chapter on the physiological pheno- 
mena connected with the placentation of the hedgehog without 
having called attention to the fact that the discoidal after-birth 
was more than once found by me in the female generative organs 
shortly after parturition. It is thus totally enucleated, and 
in this respect important differences exist between hedgehog 
and mole. In the latter mammal I find that the larger portion 
of the placenta remains attached to the maternal tissues, and 
that instead of being shed, as in the hedgehog, it is gradually 
submitted to a process of resorption by which it becomes 
smaller and smaller, and finally disappears. I need not say 
that these swellings in the mole’s uterus after parturition, 
which are nothing else but placental tissues on their way to 
resorption, give to the uterus the false aspect as if it contains 
embryos. Only it will be understood that here the smaller 
swellings are actually the later stages. A continual series of 
the process here referred to is in my possession. I will reserve 
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the description of the full details of this phenomenon for 
another publication, and here content myself with pointing out 
the great difference between mole and hedgehog in this respect. 
The fact itself had to be stated because I shall have to return 
to it in the course of the theoretical speculations of the next 
chapter. 

As was already noticed above (p. 310), the hedgehog’s 
after-birth shows the foetal membranes attached to its border: 
they have been ruptured in order to give passage to the embryo. 
The yolk-sac is attached to that portion of the membranes 
which is directly opposite to the placenta itself. A distinct 
point of severance between yolk-sac and embryo can with diffi- 
culty be indicated in the after-birth: one between embryo and 
allantois is all the more distinct. As was described before 
(p. 808), the allantoic vessels are not united into an umbilical 
cord with the stalk of the yolk-sac, but they go round the side 
of the foetus, and are attached to the placenta behind its back. 
We find these vessels in the cast-off after-birth, united into a 
lengthened string which simulates an umbilical cord. This 
vascular string undoubtedly breaks off from the new-born 
hedgehog’s navel at the time of birth, by far the longer portion 
remaining attached to the after-birth. The young hedgehog 
itself only shows a very short remnant of the tissues by which 
it was united to the uterine wall, and this soon decays and 
disappears. 

The way in which, after parturition, the epithelium of the 
mucosa has become restored and ready to recommence the 
cycle of pregnancy has been sufficiently described in the pre- 
ceding chapter (p. 336), and need not be again noticed here. 


IV. Recent Authors on the Phenomena of 
Placentation. 
I have purposely refrained, in the preceding section of the 
ext, from giving any comparative account of the data furnished 
by other authors with reference to other genera of mammals, 
This was done not to obscure the description of phenomena, 
which in themselves are complicated, and can only be well 
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understood by constant reference either to preparations or to 
numerous drawings. And so an account of the relation in 
which certain results above described stand to those which 
have lately been obtained elsewhere has been reserved for this 
chapter. I will at the same time notice the points in which 
these different researches appear to agree and those in which 
further researches are necessary because of discrepancies 
or uncertainties. The results 1 wish more especially to discuss 
are in the first place those concerning the unexpected part 
which embryonic epiblast is seen to play, both in the ompha- 
loidean and in the allantoidean placentation, and in the second 
place the formation of lacunar blood-spaces without an en- 
dothelial lining, which appear in this epiblastic proliferation 
at a very early stage of development, and which are even then 
accessible to maternal blood, which is here brought into close 
and extensive contact with the young blastocyst. 

The first unmistakable account of such a process is given in 
Selenka’s ‘ Keimblatter und Primitivorgane der Maus’ (1883). 
His reference to the details of the process in the text is, 
however, exceedingly scanty. A circumstantial account of the 
mode of formation of the so-called Trager is given, but the 
process of its vascularisation is not further described. His 
figures are, however, most reliable guides, by which we may 
conclude that the process of epiblastic proliferation, combined 
with the formation in this epiblast of lacunar spaces that carry 
maternal blood towards the embryo, was clearly noticed by 
him. He has observed and figured this vascularised and epi- 
blastic ‘ Trager’ (for which I will henceforth employ the term 
trophodisc) in Arvicola arvalis, Mus musculus, decu- 
manus and sylvaticus, and in Cavia cobaya. In his 
third ‘ Heft’ (‘ Die Blitterumkehrung im Hi der Nagethiere ’) 
he says (p. 88) that the placenta embryonalis is identical 
with the Trager, which was regarded by all the earlier observers 
as formed of maternal uterine tissue (p. 84). Selenka’s claim to 
priority—incomplete as his description of the process may be— 
is fully recognised by Mathias Duval, who followed in his steps 
in 1887, with a more full account of the early stages in the 
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placentation of Cavia and other Rodents. Duval writes 
(Comptes Rendus de la Société de Biologie, 1887, p. 149) 
concerning Cavia: “Le tissu ectodermique du suspenseur 
(our trophodisc) se vascularise par des vaisseaux venus de la 
mére: au quatorziéme jour ce suspenseur forme un cone de 
trois millim. de diamétre & sa base, constitué par des cellules 
ectodermiques creusées de lacunes intercellulaires remplies de 
sang maternel. Ces cellules ectodermiques paraissent fusion- 
nées en un réseau de travées protoplasmatiques semées de 
noyaux, sans quw’il soit possible de distinguer les limites de 
chaque cellule correspondant & chaque noyau.”’ In the rabbit 
(where Selenka does not describe a trophodise, although in his 
diagrams he designates the outer Jayer of “ Deckzellen” by the 
same blue tint that distinguishes the “ Trager” of the other 
Rodents), Duval finds a similar arrangement, remarking 
(l. ¢., p. 427) of the two genera: “ Dans lun comme dans 
Yautre le fait essentiel est la présence de lacunes pleines de sang 
maternel dans une masseectodermique d’origine embryonnaire.” 

Half a year after this (February, 1888) my own observations 
on the hedgehog had so far advanced that I could publish the 
fact,! without any further comment, that maternal blood 
penetrates into the wall of the blastocyst of Erinaceus in very 
early developmental stages. This was somewhat more circum- 
stantially described at the Anatomical Congress in Wiirzburg, 
and subsequently in the ‘Anatomischer Anzeiger,’ of July, 
1888 (p. 510), where I wrote: “The outer wall of the blastocyst 
is thickened (three or four cell-layers) and characterised by 
spacious lacune. To this external epiblastic layer I wish to 
give the name of the Trophoblast? . . . . in the earliest 

1 ©Proc. Verb. Koninkl. Akad. van Wetenschappen,’ Amsterdam, 25 
Februari, 1888. 

2 «Tt appears to me to be practical to introduce this name into mammalian 
embryology, in order to indicate by it the epiblast that does not take part 
in the formation of the embryo. That what has hitherto been successively 
indicated as Reichert’s and Rauber’s cells, as ‘Trager’ (suspenseur), as 
Deckschicht, Ektodermawulst, horse-shoe-shaped proliferation, &c., would 
all, as belonging to the peripheral epiblast, fall under the designation of 
trophoblast. Even in the opassum Selenka described proliferations of the 
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embryonic stages, even before the formation of fetal 
blood-vessels in the area vasculosa, maternal blood pene- 
trates into the deepest lacune that are in immediate con- 
tact with the yolk-sac. These lacune are for the greater 
part surrounded by embryonic trophoblast-tissue. These 
facts have been repeatedly verified by injections that were 
made from the maternal iliac artery, the specimens being 
afterwards sliced by the microtome. . . . Those of the 
lacunary blood-spaces, which in the very youngest stages 
appear to arise out of enlarged portions of maternal capil- 
laries, lose every trace of an endothelium, and are in open 
communication with the decidual vessels. . . . When the 
development of the blood-vessels of the yolk-sac is at its 
height, the circulation of maternal blood in the adjacent tro- 
phoblastic lacune is, of course, of great significance. These 
lacunze are, however, gradually reduced as the blastocyst 
increases in size, and then the lacune in the placental region 
come into the foreground. In the ripe placenta the maternal 
decidual vessels open into the lacunar system which bathes 
the network of allantoic vessels.”’ 

In these lines a very summary account was given of what is 
for the first time fully described and figured in this article. 

Continuing the historical account of the development of the 
views concerning these nutritory processes and the correspond- 
ing morphological arrangements, I may not omit the fact that 
in Wirzburg (l. c., p. 514) Ed. van Beneden expressed dis- 
agreement with my views about the trophoblast, and took 
exception to the view of maternal blood circulating in lacune 
that were bounded by embryonic epiblast. He founded his 
objections on his own observations on the bat. 

Already in the February meeting of 1888 of the Belgian 
Academy of Sciences! he had given an account of the placen- 
tation of Vespertilio murinus, in which the appearance of 


epiblastic layer of the blastocyst. This ‘non-formative’ epiblast takes an 
active part in the nutritory process intended for the embryo, and for this 
reason the name of trophoblast was chosen.” 

1 ¢ Bulletin de l’Acad. Royale de Belgique,’ ser. ili, vol. xv, p. 351. 
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an early lacunar circulation in the immediate vicinity of the 
blastocyst was described. Since then he has admitted that 
the details of the formation of this lacunar tissue (as far as 
the mother’s and the embryo’s participation in the formation 
of this tissue is concerned) were not described in a way to 
satisfy its author in a later period of his investigations. 

Van Beneden’s modified views are partly expressed in a 
letter to Mathias Duval (‘Comptes Reudus de la Société de 
Biologie, tome v, p. 730; November, 1888), partly contained 
in the introduction of a paper by his pupil, J. Masius (‘ De la 
Genése du Placenta chez le Lapin,’ Archives de Biologie, 
vol. ix). The letter to Duval, dated 25th of October, 1888, was 
called forth by the publication of a short note by this author 
(‘Comptes Rendus de la Société de Biologie,’ tome v, p. 675), in 
which Duval refers to the placenta of Vespertilio murinus, 
which he had not examined personally, but which had found a 
very elaborate monographer in Professor R. Frommel, who in 
1888 published a quarto volume, ‘ Ueber die Entwickelung der 
Placenta von Myotus murinus,’ Wiesbaden, 1888. This 
volume is very brilliantly illustrated, and the plates led Duval 
to the conclusion that in the placenta of the bat in question 
processes very similar to those which he had previously pointed 
out in Rodents took place, although the author, Frommel, had 
in his text interpreted the phenomena in a different way. To 
this work of Frommel I will return by-and-by. 

Ed. van Beneden, in writing to Duval, thus corrected and 
amplified his former statements: ‘I have been occupied for 
several years with the study of the development of Vespertilio 
murinus, and I have published two notes, one concerning ‘ La 
fixation du blastocyste 4 la muqueuse utérine’ (Bull. Acad. 
Royale de Belgique, t. xv, No. i, 1888), the other, ‘La forma- 
tion et la constitution du placenta’ (ibid., No. 2). My first 
conclusions concerning the origin of the protoplasmic nucleated 
layer in which maternal blood circulates did not concur with 
your results respecting the guinea-pig and the rabbit. I 
believed I was justified in concluding that this layer arose out 
of maternal connective tissue. But you will see further on that 
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I have now abandoned my original view of the question, and 
that I come to the same conclusions as yourself. The material 
which I have collected this year has allowed me to study a 
developmental stage which I had not yet examined till now. 
The preparations show, with most perfect evidence, that the 
epiblast in the entire area of the future placentary region is 
doubled, at the time the blastocyst is formed, into two layers: 
the one superficially situated, formed of flat cells with large 
nuclei, the other deeper one consisting of a cylinder epithelium. 
When the uterine epithelium has entirely disappeared, maternal 
vessels, provided with their endothelial sheath, come into con- 
tact with the superficial layer of epiblast. ‘The cell-boundaries 
of the constituent cells of this layer then disappear; the layer 
is thus transformed into a continuous mass of protoplasm with 
large nuclei distributed in it, which appear to multiply by 
direct division. This layer rapidly increases in thickness ; it 
penetrates between the vessels, pushing back the connective 
tissue, and envelops these vessels on all sides, which afterwards 
lose their endothelial layer and are converted into blood 
lacune, without any wall to themselves. Maternal blood 
circulating in these lacunz is thus in immediate contact with 
the protoplasmic nucleated jayer of epiblastic origin. .... 
When the villosities of connective and vascular tissue, partly 
formed by the somatopleura of the serous (v. Bir’s) envelope 
and by the allantois, penetrate into the epiblastic layer (which 
is already traversed by maternal blood lacune, and which is 
considerably thickened and formed of two strata, a deeper 
cylindrical and a superficial very thick one, formed by a true 
plasmodium), each of these villosities is directly surrounded 
by the cylindrical layer and as directly by the plasmodic layer 
of the epiblast. There is then a rich network of blood-lacunz 
in the thick layer just mentioned around each of these vil- 
losities.” 

This note of van Beneden shows that the phenomena that 
were noticed and described by me for the hedgehog, agree to a 
much further extent with what is noticed in Vespertilio 
murinus than he was inclined to admit at the time of the 
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Wirzburg Congress. Nor does Duval fail to point out the 
identity of the process, such as it is here described by van 
Beneden for the bat, with that which he himself has indicated 
in the Rodents. 

The corrected statement of van Beneden’s views, that is 
contained in Masius’ paper above referred to, does not 
materially differ from the one just noticed. Here, as in a 
later portion of the letter to Duval, it is proposed by him 
to call the outer protoplasmic nucleated layer of epiblast, 
plasmodiblast ; the deeper cylindrical layer, cytoblast. But in 
neither of these preliminary notices is a reason given why the 
name of trophoblast, which I had proposed six months before 
to confer on this layer of epiblast which takes such a consider- 
able part in the process of placentation, should be superseded 
by the new names of plasmodiblast and cytoblast. The only 
reason I can see is this, that in the case of the bat, the tropho- 
blast may be seen for a very long period to consist of these two 
layers that can be easily distinguished from each other (vide 
Frommel’s magnificent illustrations), and for which it may be 
of some advantage to have two distinct names. But I maintain 
that the name of trophoblast should stand for the whole of this 
foetal contribution to the placenta, more especially because in 
Rodents the distinctness of two separate layers has been 
noticed only as a passing phase in the rabbit by Masius, and 
has not as yet been noticed or figured for other genera by 
Selenka or Duval. In the hedgehog there is no such dis- 
tinction, as may be concluded from the text and plates of 
this memoir. On the other hand, the comparison of the 
different elements and layers that enter into the composition 
of the placenta, both of bat and hedgehog, can be carried to a 
most satisfactory length, as I will demonstrate in further 
reviewing Frommel’s figures. 

I must first, however, correct a statement of Masius, which 
would seem to imply that I had overlooked the presence of two 
distinct layers in the trophoblast of the hedgehog. If I had, 
this might be looked upon as an argument to prefer the more 
complicated nomenclature of van Beneden to my own. Against 
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this it is my contention that a general name, equally applicable 
to the Trager of Rodents, to the epiblastic proliferation of the 
opossum, and to the feetal placentary tissue of Insectivora, 
Chiroptera, and Primates is for the present more useful than 
the application of special names that may hold good for sub- 
divisions in the foetal placentary tissue of some of these orders. 

The passage in Masius’ introduction (‘Archives de Biologie,’ 
vol. ix), to which I have just referred, runs as follows :— 
“ Hubrecht has described in the hedgehog (‘ Anat. Anz., 1888, 
No. 17) a considerable thickening of the epiblast in the whole 
circumference of the blastocyst, and that at very early develop- 
mentary stages. Maternal blood is said to penetrate into the 
lacunar spaces in the mass of this layer, to which he gives the 
name of trophoblast, and which plays an important part in the 
edification of the placenta. There is no question in Hubrecht’s 
note of a subdivision of the epiblast (trophoblast) into two 
strata, different both in structure and in further development. 
On the contrary, Keibel (‘ Anat. Anz.,’ 1888, No. 22) has just 
described this subdivision of the epiblast in. young blastocysts 
of the hedgehog. But, as he has no acquaintance with later 
developmentary stages, the author gives no indication whatever 
either of the reason or of the significance of this sort of 
delamination of the epiblast along the whole region of the 
embryonic area.” 

This statement of Masius is wholly misleading in so far as it 
implies : 

(1) That Keibel has noticed a subdivision of foetal epi- 
blast in the hedgehog which had escaped my attention. 

(2) That this subdivision noticed by Keibel is comparable 
to what was observed by van Beneden in the bat. 

On both these points Masius is in error, as 1 will now 
demonstrate: Ad 1. The divisions of the foetal epiblast into 
different layers is somewhat indistinctly described by Keibel 
(‘ Anat. Anz.,’ 1888, No. 22, p. 634) in the following words: 
“Tn the region of the germinal disc the blastocyst was three- 
layered, the embryonic shield consisting of two layers of epi- 
blast and of the hypoblast. At the border of the embryonic 
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shield the epiblast of the blastocyst is split up into two layers. 
The upper layer consists of flattened cells and remains adjacent 
to the uterine epithelium. From this layer a stratified layer 
of high cylinder-epithelium is separated as a second layer of 
epiblast. We are justified in regarding the more superficial 
layer of flattened cells as homologous to Rauber’s ‘ Deckschicht’ 
of other Mammalia, the layer of high cylinder-cells as the 
definite epiblast of the embryo.” 

Now, it will be clear that the process here described by 
Keibel is identical with the one described by me some months 
earlier at the Wiirzburg Congress, where I said (1. ¢., p. 511), 
** A circumscribed region of the primitive trophoblast splits off 
(as in the mole) from the rest and is bent inwards, whereas it 
remains connected with the remainder of the trophoblast along 
the whole circumference. It becomes the epiblast of the ger- 
minal area. . . . As the blastocyst increases in size the 
trophoblast thins out and becomes the villiferous outer wall of 
the blastocyst.” It is the same process that was fully entered 
into above (p. 288) and that is figured on Pl. XVI, figs. 14: to 
20, 15 a, 17 a, and 20 a. A comparison of Keibel’s descrip- 
tion here cited with figs. 7 @ and 10a will convince the most 
reluctant. 

Ad 2. It follows from the foregoing argumentation that 
the process there referred to and described both by myself and 
subsequently by Keibel may safely be admitted to exist in the 
hedgehog, and can be directly compared to what Heape ob- 
served in the mole. But as this is the process of formation of 
the epiblast of the embryonic area out of the epiblastic wall of 
the blastocyst, it is not in any sense comparable to van Bene- 
den’s process of subdivision (also figured by Frommel) of the 
bat’s trophoblast into two layers, which he has termed plas- 
modiblast and cytoblast. This subdivision not taking place 
in the hedgehog it is all the more advisable to retain the 
general name of trophoblast, reserving van Beneden’s terms 
for such cases where the subdivision actually does take place. 

If I may venture to account for the origin of Masius’s mis- 
understanding of Keibel’s description, I would feel inclined to 
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ascribe it to the fact that van Beneden in his corrected state- 
ment (as contained in Masius’ introduction and in the letter 
to Duval) has mentioned at no great length that his changed 
views implied a totally different interpretation of the state of 
things in the region that overcaps the embryonic area. In his 
earlier publication of January and February, 1888, van Beneden 
says :—‘‘ L’embryon nettement didermique est séparé de la 
muqueuse utérine par un espace dont l’étendue croit rapide- 
ment (l.c.,p. 21). . . . Une cavité, la cavité amniotique 
future, se trouve interposée entre l’embryon et la muqueuse 
déja privée de son epithélium. La muqueuse dénudée con- 
stitue donc la votite de cette cavité (p. 354). . . . Des deux 
couches épiblastiques qui entrent dans la composition des 
replis amniotiques, l’externe, constamment adjacente a la 
muqueuse utérine, présente 4 tous les moments du développe- 
ment ascensionnel de ces formations, les mémes caractéres que 
Vépiblaste de la région placentaire. II en résulte que 
Vanneau placentaire s’élargit a fur et’ mesure que le trou 
amniotique se réduit; l’anneau placentaire tend a se trans- 
former en un disque incurvé et il atteint cette forme au 
moment méme de la fermeture du trou amniotique. Le pla- 
centa se constitue au contact de cette calotte épiblastique, et 
en partie a ses dépens. Il en résulte que le placenta a non 
pas la forme d’un anneau, mais bien celle d’un disque concave 
ou d’une calotte” (1. ¢., p. 355). 

Now, if we compare this with the author’s corrected state- 
ment above cited (p. 352, line 6) we find that a duplication of 
the epiblast all along the whole of what will later be the pla- 
centary region, is there described as taking place simultaneously 
with the formation of the blastocyst. This would imply 
that the cavity above the germinal area where the amnion is 
going to be formed, is not primarily overcapped by the “ mu- 
queuse dénudée,” but from the very first by an outer layer of 
trophoblast. As I have not myself examined Vespertilio 
murinus, I cannot say whether I am right in drawing this 
conclusion from this last passage of van Beneden. If I am 
right, the process there indicated corresponds to what was 
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seen by Heape in the mole, by myself and by Keibel in the 
hedgehog, and in a somewhat more distant manner to what is 
figured by Selenka on pls. xv and xvi of his treatise on the 
‘ Inversion of the Germinal Layers’ for Arvicola arvalis. The 
same process leads up to the much more extreme cases of 
‘bending inwards of the embryonic epiblast, such as it is 
observed in other Rodents (cf. Selenka, |. c., pl. xvi). Heape 
was the first to draw a parallel between what he observed in 
the mole and what obtains in Rodents in this respect (‘ Quar- 
terly Journal of Microscopical Science,’ 1883, p. 448). 

Frommel’s plates give no decisive evidence on this point, and 
in his text his interpretation of the relation between the blas- 
tocyst and the uterine tissue is different. Still, if we look at 
his fig. 4 (pl. i), figs. 3 and 6 (pl. 11), there can be no doubt 
that these figures are suggestive, and that, supposing the 
connecting strings which Frommel figures between the epi- 
blast and his “ Uterusepithelium”’ to be indeed indications of 
the exfoliating process leading to the separation of U.H. and 
D.S. (our trophoblast) from the epiblast of the germinal area 
situated underneath, there would certainly be in the bat a 
close resemblance in this respect to the processes above 
alluded to that have been observed in other mammalian orders ; 
and that are, for example, figured on Pl. XVI, figs. 13—17. 
However that may be, I have here only made this digres- 
sion further to indicate how I wished to account for Masius’ 
misunderstanding of a certain point in Keibel’s and my own 
statements, and I do not wish to commit myself to drawing 
conclusions from van Beneden’s short account, which it was 
perhaps never his intention to convey. 

Returning to Masius’ account of the development of the 
placenta in the rabbit, I cite the following passage from his 
summary of results: 

‘*‘ Before the fixation of the blastocyst against the mucosa, 
two layers can be distinguished in the embryonic epiblast; a 
deeper one with cylindrical cells, a more superficial one, more 
irregularly arranged and more deeply stained by carmine, 
with the nuclei grouped together into nuclear nests and never 
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in mitotic phases. In this superficial layer no cell-boundaries 
can be observed. 

“Tt is by this superficial layer that the union is brought 
about to the projecting surface of the uterine mucous layer; 
this layer undergoes an enormous development and forms a 
protoplasmic multinuclear mass into which the deeper epi- 
blastic layer sends out primordial papille which are in the 
beginning non-vascular and formed of epiblast, and of somatic 
mesoblast. Maternal blood-capillaries penetrate into the 
nuclear protoplasm of embryonic origin, and very soon lose 
their endothelium, and are further continued into a system 
of lacune that have no proper wall and are extremely 
numerous. 

“The allantois after it has soldered with the serous mem- 
brane vascularises the primordial papille by providing them 
with an axis of connective tissue, rich in blood-vessels. But 
at this moment the deeper layer of epiblast disappears partly 
around the axes of these allantoic villosities, and in conse- 
quence of this the maternal blood of the placenta, circulating 
in large lacunary spaces, is separated in many places from the 
vascular villosities by a layer of varying thickness of epiblastic 
multinuclear protoplasm. 

“Tt follows from our observations that the placenta of the 
rabbit is a neo-formation of foetal origin, formed by allantoic 
villosities, ramifying in a tissue which solely takes its origin 
from the epiblast of the embryo. This neo-formation is 
soldered to the stroma of the mucosa, the vessels of which 
have formed a system of lacune that perforate a protoplasmic 
multinuclear mass, that is not divided into separate cells and 
that owes its origin to a very considerable increase in thickness 
of the superficial layer of epiblast. In the placenta the maternal 
blood thus circulates in an epiblastic mass of embryonic origin.” 

I have entered at greater length into Masius’ description of the 
rabbit’s placenta, because he is more circumstantial than either 
van Beneden or Duval, and because from his description the 
points of resemblance between the phenomena that take place 
in the trophodisc of the rabbit and in the trophosphere of the 
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hedgehog may be easily gathered, as also the points of 
difference. I will reserve the discussion of these different 
points of agreement and disagreement till after I shall have 
given due notice to what Frommel has lately laid before us. 
Frommel’s important work on the bat’s placenta has given me 
more especial satisfaction, because of the beautiful and most 
accurate reproductions in his figures of the histological details 
of his preparations. I am thus enabled, though agreeing with 
Duval in differently interpreting Frommel’s preparations, very 
fully to compare the phenomena that obtain in Vespertilio 
murinus with those that are characteristic for the hedgehog. 
Moreover, others that are interested in these questions of the 
histology and phylogeny of the placenta will only have to com- 
pare Frommel’s and my own figures side by side, and can then 
judge for themselves whether or not they agree with me in 
finding numerous and important points of resemblance. 

As it is not my intention to carry out this comparison from 
the earliest steps through all the successive later stages, but 
merely to touch upon the more salient points, I will in the first 
place refer to Frommel’s fig. 21, on Pl. x11. This section 
through the placental area is taken in an early stage of the 
apposition of the allantois against the trophocalyx (as this 
specialized region may conveniently be called, both in the bat 
and the mole, per analogiam with the trophosphere of the hedge- 
hog and the trophodise of the rabbit). There is first an inner- 
most Jayer—the one which Frommel marks D. §. This is 
evidently the protoplasmic nucleated layer, pierced in all 
directions by lacunze with maternal blood, for which van 
Beneden and Duval vindicate a direct origin out of the epiblast 
of the blastocyst. Taking this for granted, the layer directiy 
corresponds to the hedgehog’s trophoblast (77.), as figured in 
Pls. XXIV, 44, and XXV, 54, which is about in the same stage 
and also over-filled with maternal blood-corpuscles. As in the 
hedgehog, we notice in the bat the same remarkable tendency of 
this layer to send forth in the direction towards the embryo 
very numerous centripetal projections, forming ever so many 
highly vascular papille, between which those of the allantois, 
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which are centrifugal, have not to force their way. On the 
contrary, the allantoic tissue fits between and extends itself 
around these trophic papilla, ensheathing them more and more 
intimately as the placenta further ripens. 

The gradual appearance of these papill on the inner concave 
surface of the trophosphere was fully noticed above for the 
hedgehog. It can be very accurately followed for the bat if we 
successively compare the different developmental stages of the 
trophocalyx in Frommel’s figs. 11 to 16, 20 and 21. Outside 
this embryonic trophoblast, which in the ripe placenta is still 
more intimately fused with the allantoic tissue, Frommel’s 
fig. 21 shows us a layer which he marks #. L. It is the evident 
counterpart of what I have called in the hedgehog the tropho- 
spongia, i.e. that layer of the trophosphere which has arisen 
out of a proliferation of the endothelium of maternal blood- 
vessels, which have themselves disappeared by this process. It 
is more elaborately figured on Frommel’s Pl. x. 

The rather compact cell-material is perforated by irregular 
lacune partly derived from the lumen of the blood-vessels that 
give rise to this particular layer. Frommel calls this layer the 
“epithelial layer”’ of the placenta, but when we go back to his 
earlier figures above cited we find that it develops out of what 
he first calls the “ Gefiissschicht.” This ‘‘ Gefissschicht ” 
(vascular layer) from the beginning immediately surrounds the 
layer D.S. (the embryonic trophoblast) ; it is, however, less con- 
spicuous in the earlier stages (Frommel, l.c., p. 88). To facili- 
tate comparison with what I have above described for the 
hedgehog’s trophospongia, and at the same time to show the 
reason by which we are authorised to identify these layers in 
the two species, I will here insert a citation from Frommel’s 
text. He says (l.c., p. 33), speaking of the vessels of the 
Gefassschicht, at the time their metamorphosis into a tropho- 
spongia is imminent: 

«The endothelium (of these vessels) increases in height, 
the cells increase in size, and the transverse section of such a 
vessel is not unlike that of a gland. But very soon this aspect 
changes, as the vascular lining commences to proliferate very 
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intensely, forming numerous karyokinetic figures. Club- 
shaped and conical projections of epithelial origin not only 
project into the lumen of these vessels, but the vessels them- 
selves increase considerably by solid proliferation of the epi- 
(endo-) thelium in a centrifugal direction. This increase takes 
’ place to a small extent in a radial, but to a much larger extent 
in a transverse direction ; so that gradually there arises at this 
outer border of the decidual layer [trophoblast of the present 
paper] a special, though not rigidly defined, layer of elongated 
epithelial sacs or strings. These strings are partly without any 
lumen, partly they are filled with blood, between which and the 
epithelial surroundings there is no special wall whatever.” 
Frommel furthermore gives ample details about the com- 
munication of these lacunar blood-spaces with the uterine 
vessels on the one hand, and with the trophoblast-lacune on the 
other, that fully correspond with what obtains in the hedgehog. 
Aiso it is interesting and affords further support to the identifi- 
cation here advocated, that he describes special modifications 
which certain elements of the bat’s trophospongia (his “ epi- 
thelial layer”) undergo, and which are also noticed in the 
hedgehog’s trophospongia, more especially in that outer layer 
of it where the so-called “ deciduofracts ”” are most numerous. 
I will not here go in for a more detailed comparison, but may 
not omit to mention that in this layer Frommel is strongly 
inclined to admit a free formation of red blood-corpuscles out 
of part of this cell-material. I find no indication that he has 
given any attention to the possibility of phagocytic processes 
taking place in this region. At all events the layer which he 
marks by Bi. 6. in his fig. 21 is undoubtedly the outer layer of 
the bat’s trophospongia, and also as such comparable to the 
layer of the deciduofracts in the hedgehog’s trophosphere. 
Outside of this layer, both in the bat and in the hedgehog, 
there is that part of the maternal mucosa which has arisen as 
a special proliferation at the time of conception, and which in 
both these mammals undergoes a very similar metamorphosis. 
The cells, polygonal at the beginning, with round or oval 
nuclei, become more and more stretched as the blastocyst and 
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the uterine swelling increase in size, and in Frommel’s figs. 
21, 15, and 138, the histological details closely correspond to 
what is in this memoir described and figured for the hedgehog 
(figs. 44, 47, and 57). It deserves special attention that also 
in the bat (according to Frommel’s figures) the deepest layer 
takes a much looser aspect, as if there the very elongated cells 
(which have a strong likeness to circular involuntary muscle- 
fibres) were rent asunder, leaving spaces between them that 
are exactly comparable to what is figured for the hedgehog in 
the very same layer on P]. XXIV, fig. 44, D’, and described on 
p. 884 of this article. Frommel calls this latter portion the 
“ Faserschicht ” (/.S. of his numerous figures); to the more 
compact outer portion with the very stretched cells (our 
fibrillar decidual layer) he leaves the general name of ‘“ Ute- 
russchleimhaut ” (U.S. of his figures). It is a curious fact 
that, whereas this separation of the deeper mucosa into a 
looser and a denser layer was noticed in the hedgehog in the 
majority of cases, it was much less conspicuous or even absent 
in a few (cf. Pl. XXIV, fig. 47). The same phenomenon 
appears to obtain in Vespertilio murinus, where the loose 
“ Faserschicht” can be hardly noticed in Frommel’s figs. 
22 and 21, it being eminently conspicuous in figs. 9, 11, 
and 15. 

Finally, I must challenge a comparison of Frommel’s fig. 22 
with Pl. XXVII, fig. 57 of the ripe hedgehog’s placenta, the 
typical points of agreement in the ripe stage being by such 
comparison none the less evident than in the earlier develop- 
mental phases. The fusion of the elements of trophoblast and 
allantois appears, however, to be still more complete in the 
hedgehog. Guided by what Frommel teaches us about the bat, 
and by what I have myself in this memoir advocated for the 
hedgehog, we may now return to Masius’ description of the 
rabbit, in order to call attention to the fact that it would 
appear from Masius’ description that a special layer, comparable 
to the trophospongia of the bat’s trophocalyx, and of the 
hedgehog’s trophosphere is not represented in the rabbit’s 
trophodisc. Perhaps the considerable part which the remains of 
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uterine glandular epithelium (in retrograde metamorphosis) plays 
in the rabbit’s trophodisc, can partly account for this. Also the 
phenomenon, so fully described and figured by Masius, of a 
very considerable proliferation of perivascular cell-tissue in the 
rabbit’s trophodise (as distinct from the endothelial prolifera- 
: tion above noticed, but comparable to perivascular proliferations 
that also occur in the hedgehog outside the trophospongia; cf. 
pp. 830—332), points to a greater divergence of this rodent’s 
placentation from what obtains in the bat and the hedgehog, 
whose more intimate agreement has just been pointed out. With 
our scanty knowledge of the exact course of the phenomena in 
other Rodents (for which Duval’s forthcoming memoir may 
contain valuable information) it seems to be inadvisable, at 
present more especially, to insist upon any detailed comparison. 
Also the question whether very large cells, with gigantic nuclei, 
that can be observed in the mouse’s placenta, and that are 
already figured (though not further noticed) by Selenka, might 
be compared either morphologically or physiologically, or both, 
to the hedgehog’s deciduofracts. 

It was not my object in giving a more detailed account of 
the latest literature on the subject to enter into an exhaustive 
and definite comparison of the phenomena, such as they are 
described by different authors. A similar attempt would 
for the present be premature. What I specially wanted to 
point out was that in three different orders of Mammalia a 
series of placentation phenomena are being brought to light, 
which deal a serious blow to such views about the phylogeny 
of the mammalian placenta as are embodied in the well-known 
woodcuts, which have found their way into all text-books 
(Balfour, Hertwig, and others), and which we owe to that grand- 
master of placental research, Sir W. Turner. In Turner’s 
scale of comparison the lowest place is allotted to such forms 
as the pig; then come the ruminants; next, passing from the 
adeciduate to the deciduate forms, the Carnivora; and finally 
the Primates and Man. In another section of this article I 
will explain why this distinction of the placental mammals 
into Deciduata and Adeciduata should he henceforth 
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abandoned. Here I will insist upon the intrinsic improbability 
that the successive steps of differentiation, along which the 
human placenta has gradually evolved out of one of the lower 
forms, should have been retained in orders so divergent and so 
specialised as are the Ungulates, the Carnivores and the 
Primates. We are all convinced that no actual line ever con- 
nected these three in the order indicated. On the contrary, 
that most important contribution to mammalian phylogeny, 
which we owe to Huxley (‘ Proc. Zool. Soc.,’ 1880, p. 649), 
specially insists on the fact that the existing orders all tend 
towards lower ancestors, from which the existing Insectivora 
appear to have diverged less than other orders; this order thus 
having to be regarded as that of the more primitive monodel- 
phian mammals. These conclusions are endorsed on account 
of personal investigation, along other lines, by W. K. Parker and 
many others, and also by palzontology, which finds insectivor- 
ous remains at the base of the monodelphian genealogical tree. 
If now, amongst the Insectivora, we find the phenomena of 
placentation far more complicated than in the Ungulates, and 
leading up more directly to what we find in the Primates and 
in Man, we may feel sure that we ought not to leave this track 
in determining placental phylogeny, and that the primitive 
stages that have served Turner as a starting-point for his 
speculations, should no longer be considered as such and 
a wide margin left for the possibility of coenogenetic sim- 
plification. We are thus compelled to a revision of the 
data that are connected with the phylogeny of the placenta. 
Turner’s diagrams were tempting because of their simplicity. 
The evolution of the arborescent villi of the human placenta, 
suspended in the maternal blood-lacune, out of the simple 
chorionic wart of the pig, appeared to be well founded enough, 
and a comparison of the epithelial layers was even confidently 
brought forward. The well-known prolongation of maternal 
epithelium, by which the arborescent villus of the human 
placenta was said to be invested, formed an important item in 
this reasoning. Four propositions, which follow from what I 
have demonstrated in the hedgehog, and which are substantiated 
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by what others have found in the Rodents and the Chiroptera, 
&c., appear to be fatal to Turner’s views. 

They are: 

(1) In numerous mammalian orders ( Carnivora p. p., 
Fleischmann, Heinricius ; Chiroptera, van Beneden, Duval; 
Rodentia, Selenka, Masius, Duval, van Beneden; Insecti- 
vora, Hubrecht), among these the most primitive, the maternal 
epithelium of the uterus disappears at a very early moment at 
the spot where the blastocyst will adhere to the maternal 
tissue. 

(2) In the more primitive of these orders lacunary blood- 
spaces are in direct contact with the blastocyst at very early 
stages, even long before the embryonic area vasculosa has 
made its appearance. 

(8) The connection between these lacune and the maternal 
blood-vessels is brought about in a more indirect and more 
circuitous way than by a mere dilatation of capillary vessels, 
as was implied by Turner. 

(4) In the later stages foetal epiblast in varying thickness is 
present between the villi (omphaloidean or allantoic) of the 
blastocyst and this maternal blood. Im three of the four 
orders above named,’ this is the only tissue intervening 
between the maternal blood and the embryonic villus. 

I hope I have succeeded in furnishing the proof for these 
four propositions in the foregoing pages. 

In the preceding chapter (p. 338) the questions here 
referred to were already touched upon; in the following 
chapter I will indicate the more direct, though as yet hypo- 
thetical comparisons I desire to make between the highest 
and the lowest Monodelphia. 

In this review of the literature I have only to add that 


1 The order here excluded is that of the Carnivora. Heinricius’s results 
(‘Arch. Mikr. Anatomie,’ Bd. xxxiii), which have been published during the 
correction of this memoir for the press, leave room for a doubt whether a 
renewed investigation of the trophoblast in this order might not bring to 
light still closer degrees of correspondence than are as yet admitted by the 
latest authors, 
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Fleischmann’s researches on the placenta of Carnivora (A. 
Fleischmann, ‘Embryologische Untersuchungen,’ Hft. 1; 
‘Untersuchungen iiber einheimische Raubthiere,’ 1889) tend to 
show that, in many respects, the facts there observed should 
have a place to themselves, as was before indicated for Rodents 
and Ungulates. An undeniable disappearance of the maternal 
epithelium is strongly insisted upon by Fleischmann ; but of a 
special proliferation of trophoblast no traces seem to exist, as 
far as I can judge by the figures. 

The peculiar arrangement of the maternal crypts from 
which the epithelium disappears, interlocking with allantoic 
villi, seems fully to counterbalance the necessity of the inter- 
vention of a thickened, or in any way differentiated, tropho- 
blast layer in the formation of the placenta. For all these 
reasons I will not bring the Carnivora for the present into any 
closer comparison. 

Another very recent contribution to the literature of the 
subject is a short paper by Strahl with one plate : “ Untersuch- 
ungen iiber den Bau der Placenta. I. Die Anlagerung des 
Hies an die Uteruswand ” (‘Archiv fiir Anat. und Phys. Anat. 
Abth.,’ 1889, p. 213). He therein treats the rabbit, the mole, 
and the dog. His figures of the first and of the last-named of 
these mammals are less definite than those of Masius and 
Fleischmann. 

The disappearance of the uterine epithelium in certain Car- 
nivora, so strongly insisted upon by the latter author, is not 
admitted by Strahl. As to the rabbit, his interpretation is 
wholly divergent from the one advocated by Masius. The 
trophoblastic tissue which was above referred to, which van 
Beneden and Julin (‘ Archives de Biologie,’ vol. v, p. 402, pls. 
xxi and xxiv) described in its earliest horseshoe-shaped form, 
which was called by Kolliker the “Ektodermawulst,” and which 
Masius traced both in its origin and in its further develop- 
ment and significance for the placentation process, is stated 
by Strahl to be a derivate of the proliferating uterine epithe- 
lium. This is said to spread over the surface of the blastocyst, 
radiating from two points where blastocyst and uterine wall 
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are in apposition. I do not doubt but that Strahl will 
reconsider his opinion after a renewed comparison of his 
preparations with Masius’ figures, and after perusal of the 
description of the phenomena in the hedgehog and in the bat 
as given by myself and by van Beneden. 

Strahl’s figure of a section through the mole’s uterus at an 
early stage of fixation of the blastocyst is valuable to me, as I 
have not as yet been able to obtain material in that stage, and 
as Heape does not furnish us with any data on this head. I 
conclude from Strahl’s fig. 5, when I connect it with Heape’s 
remark that he could obtain early stages of the mole’s blasto- 
cyst by opening the uterus longitudinally and by lifting out 
the blastocyst (size 0°9 mm.) with the tip of a scalpel, that the 
blastocyst of this Insectivore is considerably larger than that 
of the hedgehog, and never becomes enclosed in folds of the 
uterine mucosa, that are comparable to the decidua reflexa of 
the hedgehog and of the Primates. The considerable difference 
in size of the blastocyst in comparison to the diameter of the 
uterus can be very keenly evaluated by comparing Strahl’s 
fig. 5 with my fig. 29. The two blastocysts are about in 
the same stage of development. I will for the present not 
attempt to answer the question whether it is the large size of 
the mole’s blastocyst that is in the way of the closing of the 
folds that might form a reflexa in the same way as in the hedge- 
hog. Or whether the formation of the reflexa has contributed 
considerably to diminish the size of the blastocyst in the 
hedgehog, highly important though this question may be, 
both for the phylogeny of the placenta and of the embryonic 
membranes. To arrive at a reasonable answer the knowledge 
of the early stages of more Insectivora, Didelphia, and Lemur- 
oidea, is required. 

I will here point out that the subepithelial proliferation 
which Strahl describes for the mole is of course homologous to 
the more spherical decidual swelling of the hedgehog, figured 
on Pl. XV, fig. 2, and is similarly situated diametrically oppo- 
site to the mesometrium. If the mole can afterwards be shown 
to undergo similar processes of trophoblastic proliferation pre- 
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paratory to the apposition of the allantois and yolk-sac, and to 
the formation of the placenta, as were above described for 
other mammals, we will then have to distinguish in this 
mammal a trophocalyx, as in the bat, and not a trophosphere, 
as in the hedgehog and the Primates, preceding the formation 
of the discoidal placenta. 

The last author to whom I wish to pay a passing tribute, 
although his contributions to the subject have appeared more 
than ten years ago, is Ercolani. I feel the more prompted 
to do so as neither Fleischmann (I. c., p. 71) nor Frommel (l.c., 
p. 39) appear to me to do justice to the very painstaking and 
extensive labours of this author, whose efforts would have 
found better appreciation if he had published his researches in 
a German periodical and not in an Italian academical quarto. 
We ought not to forget that his researches date from a period 
when the technical difficulties were much less easily overcome 
than nowadays, and that this fact reflects on his figures. 
Still, his pl. xi, fig. 2, in which details of the placentation of 
Vespertilio murinus are given, will stand a comparison 
with Frommel’s. 

For myself, Iam inclined to think that part of the opposition 
to some of Ercolani’s views is due to his having called the 
enormous and important proliferation of the stroma of the 
mucosa, preceding the fixation of the blastocyst in many 
mammals, a “ neoformazione glandolare,”’ whereas in the same 
treatise he has constantly insisted upon the fact that the 
glands of the uterus play no part in the phenomena of placen- 
tation. This nomenclature is not a happy one, and has cer- 
tainly been misunderstood more than once. And still it is a 
fact that in many mammalia an undeniable and rapid neo- 
formation of decidual tissue takes place before the blastocyst 
is in any way adherent to the uterine walls. The hedgehog 
offers a most striking example of this. And it was Ercolani 
who called special attention to this general fact.' This we 
should recognise even if we may differ from him in special 


1 T note with satisfaction, after completion of this MS., that Sedgwick 
Minot (‘ Journal of Morphology,’ ii, 3, pp. 378 and 430) shares in my appre- 
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cases as to whether this neoformation should be called 
eminently perivascular or not. The proliferation is, more- 
over, distinctly different from the ulterior proliferation which 
gives rise to the maternal portion of trophosphere or tro- 
phocalyx, i.e. the layer of proliferated endothelium which I 
have called trophospongia. And when Frommel’s opposi- 
tion against Ercolani is thus formulated (1. c.), “the forma- 
tion of the decidual layer can easily be traced to a meta- 
morphosis of the subepithelial . . . cells of the interglandular 
tissue,” and if the author thereby means to imply that pro- 
liferation and neoformation do not come into play, I would 
point to the hedgehog as most decidedly in favour of the 
acceptation of a strong proliferative process such as Ercolani 
has first insisted upon. 

Frommel’s objections are all the more invalidated by the 
fact that the decidual layer of the bat, on which he bases those 
arguments against Ercolani concerning changes in the maternal 
interglandular tissue, is, as we have seen, synonymous with 
van Beneden’s plasmodiblast, which is by that author held to 
be, not of maternal, but of embryonic origin. Recent and 
older papers by Creighton, Robin, Tafani, Laulanié, Godet, 
and Mauthner are not noticed in this review, because they do 
not contain material that is in any way specially related to 
the questions that are brought forward in this paper, or that 
has not already been discussed in the preceding pages. 


Postscript.—The MS. of this chapter was ready for the press 
when No. 3, vol. ii, of ‘ Whitman’s Journal of Morphology ’ 
(April, 1889) came into my hands. In that number the im- 
portant article on ‘ Uterus and Embryo of Rabbit and Man,’ 
by C. S. Minot, is contained. This paper contains numerous 
points that invite a special discussion, both with a view to the 
actual results obtained in the hedgehog and to the results of 
other observers recorded above. The fcetal envelopes and the 
placenta were in the first place the object of Minot’s investiga- 


ciation of Ercolani’s work, of which the German investigators hold fit to 
think so lightly, 
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tions. He recognises that the facts that are furnished by a 
study of the rabbit’s placentation give little help in obtaining 
light as to some of the changes in the human uterus, the 
differences being too great. I will not enter upon Minot’s in- 
vestigation of the rabbit, but will merely note that his inter- 
pretations do not coincide with those of Masius and Duval, 
although, with respect to the point which in this memoir has 
come more especially into the foreground, the trophoblastic 
proliferation, he remarks with due reserve (1. ¢., p. 877) : 

‘ Outgrowths of the chorion penetrate the glandular layer 
of the placenta: whether these outgrowths are in the form of 
villi, in the sense that they preserve a covering of foetal 
ectoderm, was not ascertained, although the tips of the out- 
growths appear to have such a covering.” 

Perusal of the later contributions to this subject may perhaps 
lead him to accept Masius’ and Duval’s interpretation, for 
which the hedgehog offers further arguments. 

Minot’s contribution to our knowledge of the human 
placenta, is of very great value, and will enable us in the follow- 
ing chapter to draw comparisons with what was here described 
for more primitive mammals, such as would not have been 
possible without his richly illustrated memoir. To this part 
of his paper I will refer at somewhat greater length. With 
great justice, Minot remarks (l.c., p. 389) that the human 
chorion has been the object of greater misconception than 
perhaps any other organ of the body. In his summary he notes 
the following concerning the chorion : 

“The chorion consists of two layers, mesoderm and ectoderm, 
both of which are present over all parts of the chorion through- 
out the entire period of pregnancy. . . . . The ectoderm 
during the first month divides into two strata, an outer dense 
protoplasmic layer and an inner, less dense, cellular layer.’ 

1 Independently of Minot’s observations, Ed. van Beneden has quite lately 
had occasion to convince himself of the presence of these two layers in the 
human trophoblast (‘C. R.de la Soc. de Biologie,’ ser. 8, t. v, p. 731), which 
he is inclined to compare with the similar differentiation noticed by him in the 


bat. Langhans and Kastschenko have also seen this duplication of the 
external trophoblast in the human subject, 
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In the latter part of pregnancy the whole ectoderm of the 
chorion has acquired the character of the cellular layer, except 


close to the margin of the placenta. . . . . The proto- 
plasmic layer may undergo complete or partial degeneration 
into canalised fibrine. . . . . The cellular layer remains 


on the villi only in a few patches and over the tips of certain 
villi, the protoplasmic layer of the villi remains everywhere, 
and develops numerous nodular thickenings.” 

The differentiation of the blastocystic ectoderm (our tropho- 
blast) into a tissue of varied aspect and function in man is thus 
more and more definitely established. At all events, it is 
difficult to abstain from attempting to draw comparisons 
between what obtains in man and what I have above described 
for a typical representative of the Insectivora. The remnants 
of an epithelial covering of the villi are—in contradiction 
with Turner—declared by Minot to be of embryonic origin, 
and a glance at our Pl. XXVI, figs. 55 and 56, will show that 
in this respect the facts that are presented by Erinaceus are all 
the more tempting for instituting a full comparative inquiry. 
At the same time, a comparison of Minot’s cut 35 (I. ¢., p. 424) 
of a normal human placenta of seven months with fig. 57 of 
this memoir, in which the ripe hedgehog’s placenta is repre- 
sented, is very suggestive. With respect to another passage 
in Minot’s summary, viz. “‘ No satisfactory explanation of the 
origin of the amnion has yet been offered. The placenta is an 
organ of the chorion; its evolution cannot be traced to modifi- 
cations of either the allantois or the yolk-sac,” I will have 
occasion to make certain remarks in the next chapter. 


V. Additional Reflections. 


There are certain points in the embryology of man and of 
mammals in general which appear to me to receive new and 
unexpected light from facts which have now been observed in 
the hedgehog. It would have led to confusion if I had referred to 
them while discussing those points in the development where they 
first presented themselves to my own mind. I wish to present 
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them in the form of separate paragraphs at the conclusion of 
this memoir. 


1. The ventral stalk (Bauchstiel, His) of the human embryo, 
and the questions concerning the allantois, the amnion, and the 
placentation of man. 

W. His, who was the first to investigate more fully the solid 
stalk of tissue, by which the early human embryo is attached 
to the wall of the blastocyst, gave to it the now more generally 
accepted name of ‘ Bauchstiel.” Up to that time it was 
termed the “allantoic stalk,” it being supposed that it arose 
from the allantois which, growing out from the embryo, had 
brought about the well-known secondary connection between 
embryo and serous envelope. His writes (‘Anatomie Mensch- 
licher Embryonen,’ i, p. 170): ‘ Repeatedly attempts have 
been made to discover a vesicular free allantois, and to fix the 
period at which this leaves the body and advances towards the 
chorion. Analogy with the development of other animals, led to 
the supposition that at a certain moment the human embryo, 
enclosed in the amnion, is freely suspended in the chorionic 
cavity, and that only at the time of the appearance of the 
allantois, of its growth and fusion with the chorion, the bridge 
was completed by which henceforth the nutritive matter could 
be carried towards the embryo.” 

His goes on to compare this with what the facts concerning 
the earliest human blastocysts, with which we are acquainted, 
teach us, and he finds considerable contradictions and discre- 
pancies. Starting from these facts he adopts the view that the 
embryo is never separated from the chorion, and that the 
‘ventral stalk ” is the never-interrupted point of connection 
between the embryonic and the chorionic part of the original 
blastocyst. 

In order to explain the secondary closure of the chorion 
above the embryo, he connects the formation of the amnion 
with the formation of a region, which he calls “ the secondary 
portion of the chorion.” The primary chorion,” His writes 
(l. ¢., p. 172), “is the lower part and the periphery of the 
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vesicle, the secondary chorion is the upper portion that over- 
caps it.” Of this hypothetical process he gives four woodcuts 
(l.¢., p. 171), and we will see that the hedgehog, while tending 
to confirm His’ first proposition, does not substantiate this 
latter hypothesis, but affords a more natural and at the same 
time more simple explanation. The outlines of this were 
already laid down by me in the ‘ Anat. Anzeiger,’ vol. ILI, 
p- 511; a more circumstantial development is, however, indis- 
pensable. 

We must first note that whereas Balfour remarks: ‘ His’ 
view has a good deal to be said for it;” onthe contrary, 
neither Kolliker nor Hertwig are inclined to accept the first 
proposition here alluded to. According to Kolliker (‘ Ent- 
wickelungsgesch. des Menschen,’ 2e Aufl., p. 367) the human 
allantois grows out of the embryo in the vesicular form only 
just the distance till it has reached the serous membrane. 
When this has come about it is only its connective tissue-layer 
with the blood-vessels, which further spreads over the whole 
inner surface of the serous membrane. And so it is the bud- 
ding allantois by which the ventral stalk is formed. It is this 
interpretation against which, as we have seen, His brings 
forward very weighty objections; for many of which we must 
refer the reader to the original treatises. 

Hertwig (‘ Lehrbuch der Entwickelungsgesch.,’ le Aufl., p. 
181) tries to reconciliate Kolliker’s and His’ interpretations, and 
attempts to fill up the blanks between those developmental 
stages of the ventral stalk, which have as yet come to our 
knowledge by the assumption : 

(1) that at the formation of the human amnion it never 
wholly separates from the serous envelope, but remains con- 
nected with it along a drawn-out posterior prolongation; 

(2) that the ventral stalk is then formed by an allantoidean 
projection budding forth out of the embryo, and travelling 
towards the serous membrane along this pre-existent con- 
nection. 

The words in which Hertwig couches this hypothetical inter- 
pretation are the following: 
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“At a very early period, when the hindgut commences to 
be formed, there arises at its ventral surface as the first indica- 
tion of the allantois a cellular knob, which encloses but a small 
outgrowth of the hypoblast. The allantoidean knob, however, 
does not develop freely into the coelomic cavity as it does in 
other mammals, but it proliferates along the ventral wall of 
the pelvic region. At the point, where the latter passes into 
the amnion fold, it continues to proliferate along the ventral 
wall of the amnion (see fig. 121) up to the point where the 
latter has remained connected with the chorion. The out- 
growth of the hypoblast elongates and becomes the narrow 
allantoic duct; the much more considerable proliferation of 
connective-tissue conducts the umbilical vessels towards the 
chorion, spreads out in the well-known way against its inner 
surface, and penetrates into the villi of the serous membrane. 
The allantois thusutilises during its development the connection 
which was already present between the serous envelope and the 
embryo, in the pointed prolongation of the amnion, and does 
not grow up towards the serous membrane independently as a 
free outgrowth.” 

I will now explain in how far the hedgehog’s embryology 
tends to substantiate or to invalidate any of these assumptions. 

We have seen that after the completion of the germinal area 
its epiblast remains attached to the trophoblast (from which 
it has split off) along a circular line of insertion (figs. 15, 
20, 27, 29, 31, p. 289). 

At the time of the formation of the amnion this line of 
attachment travels upwards (figs. 82 and 51), the circle becom- 
ing smaller and smaller until at the completion of the amnion 
no connection between embryonic epiblast and trophoblast any 
longer exists, and the secondary connection is brought about in 
the usual way above referred to by the budding forth of the 
allantois and its juxtaposition against the serous envelope. A 
similar primitive circular connection of the germinal area with 
the wall of the blastocyst can be found back in the mole 
(Heape), in many rodents with partly inverted germinal layers 
(Selenka), and (if I understand v. Beneden’s modified inter- 
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pretation well) also in Vespertilio murinus. In all of 
these there is, ab origine, a layer of embryonic epiblast 
(trophoblast) which overcaps the germinal area before the 
formation of the amnion; the cavity that is thus overcapped 
becomes wholly or partially converted into the cavity of the 
amnion. We have only to suppose that a similar process takes 
place in man to understand that the retention of the epi- 
blastic connection between the embryonic region (germinal area) 
and the trophoblast at one point, would sufficiently explain 
the existence of a connecting stalk such as His’ “ Bauchstiel.” 
This stalk might then, indeed, be said to have been there from 
the beginning, the stalk-shape being substituted for the pre- 
vious circular connection in consequence of the formation of 
the amnion. 

If the stalk is situated, as it is in man, in the posterior 
prolongation of the axis of the embryo, we may infer that 
during the formation of the amnion folds, these folds have 
tended to coalesce, not in the middle above the embryo, but 
further backwards, the final “amnion-navel” then being 
applied against the ventral stalk without having taken any 
active or primary part in its formation, as Hertwig would 
have it. 

We must now consider in what way the mesoblast may have 
taken part in the formation of the ventral stalk. We have 
seen that the formation of the mesoblast (and I may add— 
though I have not adduced any proofs for this statement in 
this paper—its separation into a somatic and a splanchnic 
layer) takes place in the hedgehog, while the germinal area still 
retains its flattened curvature, and before any plastic indica- 
tion of the shaping of the embryo, much less any amnion fold, 
has become apparent (figs. 20 and 31). Similarly the area 
vasculosa is being formed during that early time, that the 
embryo is yet a convex surface, and before the line of the epi- 
blastic attachment, above referred to, has commenced its 
displacement upwards, from which the formation of the 
amnion results. Diagram fig. 31 illustrates this stage. In 
the posterior prolongation of the axis of the embryo we find in 
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this stage the mesoblast of the primitive streak, which lies 
partly beneath the epiblast of the germinal area, partly 
stretches beneath the trophoblast when we examine it further 
backwards than the point of insertion of “ germinal area 
epiblast ” against trophoblast. Now, if we suppose a similar 
state of things to be extant in the human embryo, and if at 
the same time we assume—what may safely be done know- 
ing the accelerated development which characterises the 
human embryo—that the dorsal arteries, parallel to the axis 
of the embryo, arise very early and attain considerable 
development simultaneously with the origin of the vitelline 
circulation, we can then easily understand that these arteries 
are at such an early stage prolonged into the primitive 
streak mesoblast, and thence further backward towards the 
somatic mesoblast which is applied against the trophoblast. 

If we now consider that already in Sauropsida (cf. Balfour, 
‘Comp. Embryology,’ vol. ii, p. 159, fig. 128@) it is this 
median primitive streak mescblast which takes an unmistak- 
able part in the formation of the mesoblastic tissue of the 
allantois, it is certainly no strained assumption to say that 
during this further passage backwards these arteries and their 
branches are only following the hereditary tendencies by which 
the formation of vascular allantoic mesoblast is determined. If 
now we suppose the separating of splanchnopleura and somato- 
pleura to take place it will be easily understood that this 
separation need not affect the region we are here discussing, 
because it is situated in the prolongation of the 
embryonic axis. 

And so all conditions are indeed fulfilled, by which the, per- 
manent connection (of which we have above traced the epi- 
blastic constituent) between embryo and trophoblast can also 
obtain a mesoblastic support along which at the same time the 
umbilical arteries travel towards the surface of the blastocyst, 
there to spread out rapidly and to form a network of vessels, 
which in the human embryo vascularise the mesoblastic layer 
of the blastocystic wall at such a very early period.! 

1 Judging from personal experience, J would venture to assert that the 
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If this early vascularisation has in this way been brought 
about, it is only natural that the vitelline circulation which 
would occupy the layer below the chorionic circulation—the 
latter having come to spread in the somatic mesoblast as was 
just described—and being thus less effectual in bringing about 
material exchanges with the maternal blood circulating in 
trophoblastic lacune, should- be arrested in its development, . 
the whole yolk-sac participating in this fate. 

Such a process, which would serve to explain the fact which 
we encounter in the early development of man, viz. that a small 
yolk-sac, communicating with the embryonic intestine by a 
wide “yolk-navel”’ (Dotternabel), is separated by a very wide 
interval from the wall of the blastocyst (serous envelope), is 
again rendered more probable by certain details of the hedge- 
hog’s vitelline development. We have seen that in the latter the 
' vitelline circulation does play a very important part in the nutri- 
tion of the embryo, and that large villi, loosely inserted in the 
trophoblast and its lacunary spaces, considerably facilitate this 
process. “But at the same time we noticed that at a certain 
stage of the development this process was arrested, the yolk- 
sac enucleated from the trophoblast and reduced to a folded 
appendage situated against the belly of the foetus. We need 
only picture to ourselves that this process occurs ever so much 
earlier in man—on the grounds developed above—and then we 
will have understood that in reality the two processes are 
directly comparable. If, then, we might assume that the hypo- 
blastic vesicle of the human subject arises in the same way as 
it does in the hedgehog (cf. p. 291, and figs. 22 to 26), and not 
as it does in the rabbit, mole, or other “ macroblastocystic” 
mammals—for which assumption the presence of a true 


well-known “five diagrammatic figures, illustrating the formation of the 
foetal membranes of a mammal,” for which we are indebted to Kolliker, and 
which are also copied in other treatises on Embryology (Balfour, voi. ii, p. 
194), have sometimes impeded instead of furthered an exact insight into these 
processes. The reason lies in the very considerable divergence which is 
noticed in the different mammalian orders, and which does not as yet allow of 
diagrammatic generalisation. 
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deciduo reflexa both in the hedgehog and in man affords very 
weighty arguments—we may safely say that this “enucleating” 
of the human yolk-sac out of the somatic mesoblast and tropho- 
blast G.e. out of the diplotrophoblast) may occur at any stage 
of development, even the very earliest. 

Thus the many curious abnormalities of the early human blasto- 
cyst may one by one be viewed in a simple light now that we have 
the hedgehog to guide us. His, when he wrote the pages 
above referred to, was much more groping in the dark; still it 
seems to me that he was very happy in many of his conjectures, 
and that, at all events, he was right in assuming that the 
“ventral stalk” is there ab origine. Hertwig’s view, accord- 
ing to which the ventral stalk is ulterior to the origin of the 
amnion folds, is sufficiently refuted in the foregoing pages. 

And for the second portion of His’ hypothesis, which led him 
to the distinction of a “ primary ” and ‘‘ secondary ” chorion, 
we have already interpolated the simpler explanation which 
immediately offers itself if we assume that in man a layer of 
trophoblast, such as we find it in the hedgehog and other 
mammals, overcaps the embryonic area (cf. figs. 16 to 20), and 
that the process of the formation of the amnion follows similar 
lines as those traced for the hedgehog (fig. 51). 

We must now turn our attention for a few moments to the 
chorion of the human blastocyst and to the part it plays in 
placentation. 

The earliest human blastocysts that have been investigated 
have always shown a remarkable villosity. These villi were 
examined by numerous authors. Only lately Sedgwick Minot 
has given detailed descriptions and numerous woodcuts of 
them (‘ Journ. of Morphology,’ vol. ii, No. 3). The presence 
of villi was noticed by Coste, even before any mesoblast 
contributes towards their formation; they are said to be 
hollow, and the vascular mesoblast was then noticed to spread 
rapidly against the epiblast and to fill up these hollow recesses. 
The wholevilliferous blastocyst is said to rest loosely in the closed 
cavity formed by the decidua reflexa (Kolliker, Entwickelungs- 
gesch. des Menschen, 2e Aufl., p. 374); the fixation of the 
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blastocyst is said to commence only when the discoid placentary 
region commences to accentuate itself by a more intimate con- 
nection between foetal villi of the chorion frondosum and 
maternal tissue. The well-known and spacious placentary 
blood lacunze in which the branched villi are suspended 
characterise the ulterior stages of this developmental scale. 

We have now to consider whether the phenomena we have 
come to be acquainted with ‘in the hedgehog are not also sug- 
gestive with respect to those here referred to. In my opinion 
they are highly so, and I will now proceed to develop this 
more fully. At one time I received a pregnant hedgehog, the 
embryos of which proved to be in a stage of development 
corresponding to a stage between diagram figs. 31 and 32. 
The stage may be said to agree more or less with that of the 
early human embryos of two or three weeks (Reichert’s 
embryo and others). But, whereas I have been able to obtain 
all my embryos quite fresh from the live animal immediately 
after having administered chloroform, the animal in question 
had been dead several hours before I could extract the embryo 
from the spherical cavity in the proliferated decidua where it 
rested. I was very much struck by noticing, on dissecting 
away the decidua reflexa, that the blastocyst seemed to be very 
loosely attached to its surrounding, very much more so than I 
have ever noticed it in any blastocyst that was investigated 
when absolutely fresh. The blastocyst was nevertheless an 
elastic, more or less villiferous spherical body, and to its 
surface the remnants of the trophosphere still adhered, so that I 
have no doubt that what I enucleated was not the blastocyst 
pure and simple, but the blastocyst and trophosphere, i.e. the 
darker shaded sphere indicated in diagrams 31 and 32. The 
great facility with which, in this case, the embryonic tissue 
and its immediate surroundings were detached from the decidual 
proliferation I have no doubt whatever in ascribing to post- 
mortem processes, which immediately affect these exceedingly 
delicate cellular tissues, the more so as they are in all directions 
excavated by the blood-cavities above described. 

I was immediately reminded of the statement that the human 
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blastocyst is said to lie loosely in its cavity, and at the same 
time of the fact that no human subject has yet been examined 
in the same conditions of freshness in which I had always 
been able to obtain the hedgehogs, but rather in the conditions 
of the specimen which yielded these different results, or even 
in still less favorable conditions. 

This necessarily leads to the suggestion whether the loose 
attachment of the human blastocyst must not be considered to 
be an artefact, and whether it is not more probable that here 
too blastocyst and trophosphere are much more intimately 
fused in the live and fresh condition. 

The way in which this fusion may be effected can a fortiori 
only be discussed for the present in a very speculative way. 
Still, now that we have seen that the ripe placenta of man and 
hedgehog offer many unexpected points of comparison, it is 
only natural to infer that the very early stages may also cor- 
respond in several respects. One of the first propositions we 
would then be Jed to would be this: Must not the early ecto- 
dermal villi be looked upon in the same light as the villi on 
the hedgehog’s blastocyst (cf. Pl. XVI, figs. 14—20)? And 
can they not have arisen in asimilar way, not so much as active 
outgrowths, but as remnants from the stage in which a thicker 
trophoblast acquired lacunze which enter into communication 
with maternal blood-cavities, such as figs. 14 and 39 illustrate ? 
This would go far to explain the profuseness of trophoblastic 
villi in so early a stage as the so-called Reichert’s ovum. In 
that case a maternal trophospongia, in the shape of a hollow 
sphere, might be expected to be present, and to contain spa- 
cious blood-lacune that gradually become obliterated during 
the metamorphosis of the decidua reflexa into a membrana- 
ceous layer, and its fusion with the decidua vera. 

The villi in this region disappear, and the chorion lve 
comes into existence, whereas in the region of the chorion 
frondosum the more intimate connection between tropho- 
blastic and maternal tissue persists, and the trophospheric 
lacunee may develop into those of the placenta. Such is the 
general developmental course which may prove applicable to 
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man after what the hedgehog has taught us. Special atten- 
tion ought in favorable cases to be given to the following 
questions : 

a. Can, in the very earliest stages of the human blastocyst, 
any trace be found of trophospheric tissue between the villi- 
ferous blastocyst and the inner surface of the decidua 
reflexa ? 

6. Are there blood lacune in this tissue which receive blood 
directly out of the. vessels that take their course in the tissue 
of the reflexa? 

ec. Can traces of trophospheric tissue be found in the region 
of the serotina?! Will the constituents of the full-grown 
human placenta, which are known as Winkler’s “ Schlussplatte” 
and as the “‘ sept placentz,”’ have to be regarded as embryonic 
trophoblastic or as maternal trophospongian elements ? 

If, indeed, the comparisons here advocated will prove to be 
well founded, the question about the epithelial remnants ad- 
hering to the fcetal villi that are freely bathed by the maternal 
blood in the placentary lacunz will once for all be decided in 
a different sense from what was first brought forward by Turner, 

1 While this MS. was being corrected for the press, No. 17 (September Ist, 
1889) of the ‘ Anatomischer Anzeiger’ came into my hands, in which Keibel 
describes sections through very early stages of the attachment of the human 
chorion frondosum against the maternal tissue. From his description and 
figures I gather that he looks upon the blood-spaces between these early villi 
as “kolossal erweiterte miitterliche Capillaren,’ thus confirming Turner’s 
interpretation. The woodcut accompanying his paper is certainly very 
decisive, but I am confident that the details there figured will allow of a 
different interpretation, when still earlier stages cau be drawn into comparison. 
Already a comparison between his woodcut and figs. 54—57 of this paper 
will prove instructive, and forces the suggestion upon us that the trophoblastic 
tissue of the hedgehog, in which so very spacious blood-lacune are present, 
but which after all forms a still dense network, is the equivalent of what 
Keibel once more designates as “ miitterliches Endothel.”” That the blood- 
spaces are homologous is self-evident. That in man they are comparatively 
larger still than in the hedgehog is not astonishing. Consequently the inter- 
vening trophoblastic tissue must have been reduced, and we cannot wonder 
at its finally assuming an endotheloid arrangement. With respect to the 
question in how far any equivalent of the hedgehog’s and the bat’s tropho- 
spongia may be found in the human subject, Keibel’s short note gives no clue, 
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and afterwards taught by Ercolani, Balfour, Hertwig, and others, 
viz. that these remnants originally belong to maternal capillaries, 
which have widened out and have become lacune. They will, 
according to our results, have to be regarded as embryonic 
trophoblast cells, the lacunze themselves as trophoblastic 
lacune. 

Kolliker, Langhans, and others regard the lacune in the 
human placenta as free spaces between chorion and maternal 
uterine surface. The chorion becomes more firmly attached 
to the latter in the placentary region, and finally, by the de- 
structive agency of the proliferating embryonic villi, maternal 
blood penetrates into these lacune (KOll., ‘Entwickelungsgesch. 
des Menschen,’ 2e Aufl., p. 376). 

This latter view has more affinity to the interpretation above 
developed than has Turner’s hypothesis. Still, it requires 
modification in this respect, that these lacune are never at the 
outset free spaces that form part of the uterine lumen, as KOl- 
liker and Langhans (who gave the name of “ Placentarraum” 
to this free space) will have it. 

We have seen in the hedgehog that the trophoblastic lacune 
are never anything of the sort. And when wesee that Hertwig, 
after full consideration of all the contending views, finally 
accords his preference to those of Turner, because they permit 
“to look upon the increase of the vascular channels in 
man as the further development of arrangements that are 
already known in lower forms” (I. c., p. 197) ; then we may 
now vindicate the same for our own interpretation, which has 
more especially the hedgehog, in a lesser degree the bat, and 
to some extent the rodents, to support it. 


It deserves very special consideration whether it would not 
be advisable henceforth to restrict the use of the name 
chorion in mammalian embryology to man, and—dependent 
upon future researches—perhaps to the Primates. Ifit should 
prove true—and already it seems to become more and more 
probable, partly on the grounds that were discussed above— 
that the part which the allantois plays in human placentation 
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is considerably reduced, that it is never a free knob of tissue 
traversing the celome from the embryo towards the serous 
envelope, and that the vascular layer of the chorion represents 
somatic mesoblast of the serous envelope, into which umbilical 
vessels have found their way, and does not represent splanch- 
nic mesoblast of the allantois, which has secondarily spread 
' against a primary and pre-existent parietal mesoblast ; then, 
indeed, it can only create confusion to designate by the same 
name structures that are so differently constituted, although, 
of course, genetically related as are the chorion of man (and the 
Primates) and the outer villiferous wall of the blastocyst of 
the lower mammals. Only in the human chorion there is 
homogeneity between the way in which every part of its sur- 
face is vascularised, it being only the umbilical, and never the 
vitelline vessels which supply it. 

In the lower mammals we hear of an “allantochorion” 
and an “ omphalochorion,” of a true and false chorion and a 
prochorion, and many other names in which the root 
“ chorion” occurs are current in embryological treatises.! If 


1 In order further to convince the reader of the confusing mist of varying 
interpretations by which the name Chorion is more and more obscured, I will 
give a short selection of definitions which we find applied to the name in 
different treatises of embryology. Already by von Baer (‘ Ueber Entwickel- 
ungsgeschichte der Thiere,’ 2e Theil, 1837, S. 53) the difficulties were felt with 
which the exact definition of names of thousand years’ standing are -involved. 
He says :—‘‘ Tausendjahrige Beschreibungen des Chorions [bezeichnen] mit 
dem Namen Chorion eine gefassreiche Haut, die aus der Verwachsung der 
Gefassschicht des Harnsacks und einer gefasslosen aussern Haut des Hies der 
Saugetiiere sich bildet.’’ It was the human chorion that thus traces its 
millennial pedigree, and to this the use of the name should henceforth be 
restricted. The following is the selection above referred to: 

“Man nannte [den Harnsack]im Vogel friiher Chorion”’ (v. Baer, l.c., p.53). 

«Es schwindet [beim Hihnchen] die serdse Hille . . . . die Verbindung 
von der dussern Hialfte des Harnsacks mit der Schaalenhaut [heisst] das 
Chorion ” (v. Baer, l.c., p.55). 

“Das nachste Stadium ..... ist dadurch bezeichnet dan die serése 
Hiille grosstentheils verschwunden ist, und die gefassreiche Allantois jetzt 
die aussere Hihaut, das sogenannte Chorion ausmacht’”’ (Bischoff, ‘ Ent- 
wickelungsgeschichte des Rehes,’ S. 20; cf. Bonnet, ‘ Hihaute der Wieder. 
kauer, 1886, S. 66), 
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we agree to drop all these where the lower mammals are con- 
cerned, and henceforth to designate the outer layer alone as 


“T would still, as in 1834, call ‘chorion’ the membrane, which may be the 
hyalinion or ‘zona pellucida’ of the ovarian ovum....... This term 
[chorion] signifies the outer tunic of the uterine ovum; it may be ‘ zona’ or 
something laid upon the zona, or something superseding the zona, such as the 
animal layer of the blastoderma, or the outer or vascular layer of the allantois ” 
(Owen, ‘The Anatomy of Vertebrates,’ vol. iii, p. 716.) 

“Diese Hihiille [wird] von einer vom Hisackchen hervorgebrachten Mem- 
bran, der Tunica adventitia oder dusseren Hihaut (Chorion der Autoren) 
dargestellt ” (Kolliker, ‘ Entwickelungsgeschichte des Menschen,’ 2e. Aufl. 
S. 42). 

“ An der serdsen Hiille, einer einfachen epithelialen Zottenhaut, sind hohle 
Zottchen aufgetreten, wodurch diese Haut zur primitiven Zottenhaut, 
Chorion primitivum wird. In diese Zéttchen bilden sich spater Gefasse von 
der Allantois hinein, wodurch dann das bleibende Chorion, Chorion 
secundarium s. verum entsteht ”’ (ibid., S. 261). 

“A fusion takes place between the subzonal membrane (vy. Baer’s serous 
envelope) and the adjoining mesoblastic wall of the allantois, and the two 
together give rise to a secondary membrane round the ovum, known as the 
Chorion .... The term chorion is apt to be somewhat vague” (Balfour, 
‘Comparative Embryology,’ vol. ii, p. 197). 

“‘Tto primary egg-membranes] formed by the cells of the follicle... . 
the name chorion will be applied... . . The chorion is often ornamented 
with various processes, &c. It is in many cases doubtful whether a particular 
membrane is a chorion or a vitelline membrane” (ibid., vol. i, pp. 19 and 20). 

“Durch Wucherung des Epithels sind zahlreiche kleine Ausstiilpungen 
oder Zottchen auf der nach aussen gekehrten Oberfliche [der serdsen Hiille] 
entstanden. Man hat ihr daher, wenn sich diese Veranderungen vollzogen haben, 
den Namen des Chorion oder der Zottenhaut gegeben...... . Es erhalt 
sich [bei den niedersten Ordnungen der Saugethiere (Monotremen, Beutel- 
thiere)] wahrend des Embryonallebens dauernd die serése Hiille, wahrend 
sich bei der iibrigen Siaugethiere dieselbe zu einer Zottenhaut umbildet ” 
(Hertwig, ‘ Lehrbuch der Entwickelungsgeschichte,’ le. Aufl., S. 168). 

“ Mit Ausnahme der Monotremen und Beutelthiere bildet sich die serdse 
Hiille zu einem Chorion um, indem sie Zotten nach Aussen hervortreibt und 
indem die mit den Nabelgefassen versorgte Bindegewebsschicht der Allan- 
tois sich auf ihrer Innenfliche ausbreitet und in die Zotten eindringt ’’ (ibid., 
8. 175). 

“Unter ‘Chorion’ verstehe ich die ‘ Keimblasenwand’ oder ‘ Hiwand,’ 
ohne Riicksichtnahme auf die Structur” (Selenka, ‘ Das Opossum,’ 8. 134). 

“Tch werde [fiir die Baer’sche serése Hille] wenn Verwechselungen nicht 
méglich sind schlechthin den Namen ‘ Chorion’ gebrauchen ” (ibid., S. 135). 
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trophoblast (see p. 298), the outer layer plus a thin layer of 
somatic mesoblast without blood-vessels as diplotrophoblast 
(=v. Baer’s serous envelope), the portion of the diplotropho- 
blast against which the yolk-sac with its area vasculosa adheres 
as omphaloidean diplotrophoblast, that against which the allan- 
.tois does the same as allantoidean diplotrophoblast, then we 
have avoided misunderstandings that might arise from the in- 
discriminate use of the term chorion, and still we have not 
burdened science with many new names (cf. tabular view 
appended to this memoir). 

I feel convinced that in doing as I propose, astride would be 
made towards greater lucidity, both in the teacher’s expressions 
and in the student’s brain. The fact that original investiga- 
tors of mammalian embryology will be less liable to suffer 
from insufficient or misleading nomenclature is no excuse for 
postponing a salutary improvement of nomenclature. 


There is no necessity to suppose—as many authors do—that 
in those very early human blastocysts in which no trace of an 
embryo was found, and which, nevertheless, had a vascular 
villiferous chorion, the embryo must necessarily have under- 
gone retrogressive degeneration, the product of which is a 
gelatinous layer applied against the blastocystic wall! His 
has already combated this proposition (l.c., p. 173), and a 
glance at diagrams 31 and 32 of the hedgehog will facilitate 
the assumption that in man the layer in question may actually 
be the vascular somatic mesoblast, which develops so early, 
fusing with the trophoblast and becoming vascularised in a 
way which may perhaps prove to coincide with the hypothetical 
sketch above traced. 

It should be distinctly understood that the hypothetical 
interpretations of the human chorion here given, corresponding 

“Tch [werde] die dussere Ektodermlage der Keimblase einfach als 
‘Chorion’ bezeichnen...... Hine Nomenklatur, welche sich auf die 
verschiedene histologische Struktur der aussersten Hihiille griinden wollte, 
begegnet besonders bei einer vergleichenden Betrachtung so viele Schwierig- 


keiten, dass es nicht der Miihe lohnt, etymologische Kunststiicke zu ver- 
suchen” (Fleischmann, ‘ Embryologische Untersuchungen,’ Heft i, S, 61,) 
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with that of His (from which it differs in the points that 
concern the formation of the amnion, as above indicated on 
p. 374), derives a further support from the fact that in the 
hedgehog (and perhaps many other mammals) the somatic meso- 
blast is at the time of its first appearance composed of cells 
that are relatively ever so much more bulky than they are later 
on (vide the cells m. som. of figs. 43 and 52). Thus the 
vascularisation of this layer at an early period is more 
easily understood. The physiological explanation may be as 
follows: Once the embryonic circulation having found the 
shortest route towards the trophoblast by the way of the ventral 
stalk, trophoblastic lacunze with their profusion of maternal 
blood, which have been there from the very earliest periods of 
development, are exquisitely situated for rendering this new 
adaptation highly advantageous. And while in the ancestral 
forms of the Primates both yolk-sac and allantois largely drew 
upon the trophoblastic source in the way we have above very 
fully described, these embryonic organs come to be dispensed 
with to a very great extent in their more highly developed 
descendants, who come to utilise that trophoblastic source 
along a more direct, a shorter, and an earlier established 
route. 

It is quite intelligible that the later phases in which the 
more extensive surface connection between embryonic and 
maternal circulation comes to be replaced by a discoid arrange- 
ment, should follow similar paths both in the hedgebog and in 
man, even though in the one case it is part of the chorionic cir- 
culation (chorion leve) in the other omphaloidean vascular 
tissue that is after a time suppressed. Intelligible because in 
both cases the embryo, surrounded in its earliest stages by a 
decidua reflexa, expands this during its growth, thus dimin- 
ishing the nutritive significance of the reflexa. 

The embryo is more and more restricted, for a thorough 
intercourse with the trophoblastic blood recesses to the region 
at the bottom of the depression in which it has become encap- 
suled. It is there that in both cases the discoid placenta then 
takes its origin, | 
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2. On the value of the primary division of the Monodelphia 
(Mammalia Placentalia) into Deciduata and Adeciduata. 


In the course of this memoir attention has repeatedly been 
called to the fact that the histological details of the placenta- 
tion of the hedghog, as acentral representative of a primitive 
order of monodelphous Mammalia, are far more intricate than 
was originally expected. 

The recent researches above referred to of Duval, Selenka, 
Frommel, van Beneden, Fleischmann, Strahl, Masius, and 
others, have shown that also in other orders of Mammalia 
monodelphia our acquaintance with the details of the process 
of placentation is far from being exhaustive. On the contrary 
their results foreshadow a period of increased activity, perhaps 
even of revolution, with respect to many questions belonging 
to this chapter of embryology. 

There is no doubt that the question of placental classification 
will have to be carefully reconsidered. 

On the two primary divisions of the Monodelphia which that 
classification has called forth, I wish to make the following 
remarks. 

Twenty-five years ago Huxley, in his admirable ‘ Lectures 
on the elements of Comparative Anatomy,’ proposed to sub- 
divide the monodelphous mammals into two groups which have 
since been known as Deciduata and Adeciduata. There can 
be no doubt that the placental characters of the mammals 
that are united in the latter sub-division have many particu- 
lars in common, and the fact that the majority of the genera 
thus linked together have on other anatomical grounds been 
already brought into juxtaposition under the name of the 
Ungulata, increases the probability that the particular “ non- 
deciduate ” placental characters are indeed the expression of 
genetical relationship and not of fortuitous similarity. The 
fact that certain though not all the genera of Edentata have 
to go amongst the Adeciduata, while other genera, as far 
as we are able to judge from the researches that have been 
hitherto published, agree in placental characters with the 
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Deciduata, and, further, that the Lemuroids, notwithstanding 
their intermediate position (on other structural characters) 
between the deciduate Insectivora and Primates, are also 
non-deciduate, is of course not calculated to strengthen our 
conviction that the subdivision proposed by Huxley is on the 
whole a natural one. Turner, Ercolani, and Balfour have 
already laid stress on the fact that no sharp line can be 
drawn between the two types. 

The details of the histological structure of the trophosphere 
and placenta of a representative of the Insectivora above given 
tends to show that, moreover, our knowledge of the placenta- 
tion of the Deciduata is as yet not extensive enough to enable 
us to generalise with respect to it. More detailed researches 
will have to be entered upon, and I presume that in many 
instances a break-down of the classificatory significance of 
certain placentary characters may ensue, whereas, on the other 
hand, most important points concerning the special adaptative 
and developmental peculiarities of the placenta—that youngest 
organ in the mammalian economy—may yet be brought to light. 

The fact in itself of the great youth of the placenta as 
compared to the other chief components in the organisation of a 
mammal renders it extremely probable that amongst the more 
primitive orders of Monodelphia adaptative differences of the 
placenta may occur in closely allied forms. Evidence may thus 
come forward that natural selection has not yet been long enough 
at work to reveal its sifting influence in a pitiless elimination 
of certain placental adaptations which, in the long run, must 
prove less favorable than others. 

This probability verges upon certainty if we compare in 
detail what three representatives of the Insectivora—Erinaceus, 
Talpa', and Sorex—teach us in this respect. The two latter 


* On p. 346 it was stated that curiously divergent phenomena are noticed 
concerning the afterbirth of the mole as compared with that of the hedgehog. 
1 was much impressed to find a short passage in Owen’s ‘ Comp. Anatomy’ 
(vol. iii, p. 730) which runs as follows: “In the mole the placenta is a circular 
CISC 22a the linear track of the uterine surfaces to which the placenta is 
attached shows a fine areolar structure, penetrated by the foetal placentary 
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genera have only been incidentally touched upon in this 
memoir, and it is not my intention here to work out this 
comparison more fully, which I reserve for a future publication. 
But I may be allowed to refer to these as yet unpublished 
observations as indicative that the subdivision of Deciduata 
will have to be carefully scrutinised, and that such scrutiny 
may lead to dissolution of the subdivision and to a total 
revision of what Huxley has called the “ placental ” classifica- 
tion, bringing it, to cite Huxley’s words (1. c., p. 101), “upon a 
more secure basis, if we take not merely with Milne-Edwards 
the form of the placenta, but with von Ber and Eschricht its 
structure into account.” Investigation of ‘‘ structure ” cannot 
nowadays neglect histological detail and ontogenetical data. 
If, then, I propose henceforth to abandon the subdivsion of 
monodelphous mammals into Deciduata and Adeciduata, 
I wish to support this proposal by yet another argument. This 
argument concerns the name selected by Huxley. I am con- 
vinced that it has already led to grave misunderstandings and 
to obscurity, both of expression and of representation. From 
the very first the name has been tainted by this congenital 
defect. In a footnote (1. c., p. 103) Huxley says: “It is of 
course by no means intended to suggest by these terms (the 
term: deciduate and non-deciduate) that the homologue of the 
decidua does not exist in the non-deciduate mammals.” This is 
filaments, which are often brought away, as in the rat, distinct from the 
maternal structure, like the foetal cotyledon in the cow.” In a footnote 
Owen adds: ‘‘ This never happens in the quadrumanous placenta; and the 
difference is not affected by showing that prior to severance the foetal placenta 
is combined with maternal vessels in the rat, mole, &c.” This was again 
noticed by Ercolani, and carefully inquired into. In his summary Ercolani 
says (‘Memorie Accad. Scienze Ist. Bologna,’ vol. x, p. 912) that in the 
mole: “non esiste alcun intimo rapporto fra la porzione fetale e la materna 
della placenta che si snucleano assai facilmente fra di loro...... lo 
snucleamento delle dette parti avvenga in questo animale con una facilita 
assai piu grande di quella che deve avvenire nei cotiledoni di alcuni cervi.” 
These points cannot, however, be further discussed here, but will tend to 
awaken a healthy scepticism with respect to the rigorously deciduate character 


of the Insectivora in particular, and thus to the primary significance of the 
deciduate subdivision in general. 
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a very ominous confession. And it seems to me to be appro- 
priate to limit the use of the name “ decidua ’’—as I have done 
in this memoir—and to confine it to the hypertrophied pro- 
liferating region of the mucous membrane of the uterus, in 
which these proliferations make their first appearance in the 
preparatory stages of pregnancy. 

The formation of the decidua menstrualis has more and 
more definitely been shown to be one and the same process, 
and all monodelphous mammals are deciduate in this sense that 
a special activity in the maternal mucosa precedes or coincides 
with the fixation of the embryo. And so the source of the 
possible confusion above alluded to is the very term “ decidua.” 
It was used since olden times for a portion of the uterine 
mucosa, whereas the adjective “ deciduate” as applied by 
Huxley referred to the character of the maternal placenta. As 
the maternal placenta is always formed out of decidual 
tissue, it was misleading to call it “ deciduate” or “ non- 
deciduate” according to the bare fact of its being shed at 
parturition or not. If the old name of von Bar and Eschricht, 
“‘caducous or non-caducous,’”? had been adhered to, no mis- 
understanding would have arisen. A very telling proof of the 
confusion to which this nomenclature necessarily leads is, for 
example, the distinction insisted upon by Rolleston, and also 
recognised by Turner (‘ Phil. Trans.,’ vol. clxix, p. 562), of a 
deciduous and a non-deciduous [decidua] serotina. The word 
decidua in brackets, which is inserted by me, has reference to 
the modified condition of the maternal mucosa, in which we 
distinguish in man and the Primates the three regions : decidua 
serotina, d. vera, and d. reflexa. Its combination with 
homonymous adjectives gives offence because of the different 
meaning which is there attached to the term deciduous. It 
is evident that it would be more harmless to speak of a 
“‘caducous and a non-caducous serotina.” Ercolani’s extensive 
labours are to a certain extent the outcome of this misunder- 
standing, and, with respect to classification and nomenclature, 
a reaction in the right direction, though perhaps too cumbrous 
to have been convincing. 
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I will not myself propose to substitute more appropriate 
names for those introduced by Huxley, having pointed out the 
necessity of a thorough revision of that classification on other 
grounds than verbal emendation. But I think we should in 
- the meantime allow these terms, that have fulfilled an important 
function in stimulating research, to become obsolete, now that 
on different sides independent-investigators are busy preparing 
the ground for a renewed and exhaustive study of all the phe- 
nomena of placentation throughout the mammalian class. 
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DESCRIPTION OF PLATES XV—XXVII, 


Illustrating Prof. A. A. W, Hubrecht’s paper “ Studies in 
Mammalian Embryology.” 


PLATE XV.) 


Figs. 1—3.—Three diagrammatic sections of the uterus of Erinaceus. 
(These sections are here represented of the same size, whereas in reality the 
section Fig. 2 is larger than that of Fig. 1, and Fig. 3 again considerably 
larger than Fig. 2.) 

mes. Mesometrium. MM. Muscularis. art., v v., and v. Arterial and venous 
blood-vessels. 7. The lumen of the uterus. g/. The glands in the mucosa, 
considerably reduced in Figs. 2 and 3. ca. Blood-spaces in the decidual 
swelling. 2, The embryo. ZS. The trophosphere. 77. The trophoblast. 
ep. Epiblast of the germinal area. Ay. Hypoblast. 


Fig. 1 is the section through the uterus of a hedgehog in an early stage 
of pregnancy, at a spot between two spherical decidual swellings. 
The mucosa has retained its normal aspect as in the non-pregnant 
uterus. The darker shading of the central part of the mucosa close 
to the uterus lumen is meant to indicate that in this region the 
connective-tissue cells are much closer together than in the outer region 
between this and the muscularis. The blind ends of the glands are 
more or less coiled. They are much shorter close to than opposite the 
mesometrium. The blood-vessels take a circular course, giving off 
finer vessels in a radial direction. 


1 The following figures—as far as they are not diagrams—have been drawn 
with the camera from preparations preserved in canada balsam. In order to 
facilitate a later critical comparison of the results arrived at in this paper and 
figured on the following plates, I have indicated for the more important figures 
the catalogue number of the preparation from which that figure was taken. 
As these preparations are systematically arranged in the Utrecht Zoological 
Museum, and as most of the stages are there represented by very numerous 
specimens, | am prepared to hold such preparations at the disposal of any 
original investigator who might express the wish to compare the sections here 
figured and described with his own. 
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Fig. 2 is taken through the centre of a decidual swelling at a very early 
stage, the embryo (e.) being still free in the recess of the uterus lumen. 
This lumen has here been considerably encroached upon by the symme- 
trical proliferation in the antimesometrical portion of the mucosa. 
The tubular glands are fast undergoing a retrogressive metamorphosis 
in the region of this proliferation, their blind and coiled ends not 
being affected in the same way. ‘The proliferating decidual tissue is 
very compact. Besides the cellular stroma, strands of vasifactive 
tissue may be distinguished in it; but as yet hardly any lumina of 
blood-spaces are visible (cf. Fig. 37). At the lips of the swelling 
there is a hemorrhagic edema. The blood-extravasate, by which the 
mouth of the recess is going to be closed, is represented in this figure 
as situated in the uterus lumen. 

Fig. 3 is a later stage than the foregoing. The decidual swelling has 
become highly vascular, the lips of the recess have coalesced, and the 
embryo is shut off from the uterine lumen by a true decidua reflexa. 
The embryo is further developed (cf. Figs. 19 and 20), the germinal 
area established, the trophoblast (Z7.) fused with the maternal tissue, a 
special trophosphere (7'S.) forming the central nucleus of the vascular 
decidual swelling. 

Fic. 4.—A very early embryo, drawn with the camera. Actual size 
ce? th mm. Ay. Hypoblast. Zr. Trophoblast. (Mus. Utr. Cat. no Erin. 
137 are les.) 

Fic. 5.—The same embryo (Z.) a few sections further, represented in situ 
at the bottom of the decidual depression (cf. Fig. 2). e. The epithelium of 
this depression. g/. The glands in retrogressive metamorphosis. D. The 
stroma of the decidual proliferation. For better histological detail of this 
stage see Fig. 37. (Mus. Utr. Cat. n® Erin. 137 @, 37. 3s.) 


Fie. 6.—Another embryo a little further advanced, taken from the same 
mother. (Mus. Utr. Cat. no Erin. 137 67, 37. 3s.) 


Fic. 7.—A somewhat older embryo, more considerably enlarged and drawn 
with the camera. The embryo is no longer in the lumen of the recess, 
but is enclosed by the decidual stroma after partial disappearance of the 
uterine epithelium (¢.). The lumen of the recess is in this stage already filled 
by a coagulum (coa.) (cf. Figs.2, 3, and 39). Ay. The hypoblastic vesicle. 


1 The relative size of the embryo in this figure is much too large. 

2 The n° and letters following upon the abbreviation for Hrinaceus are 
the reference numbers for the Catalogue. Then follow letters 7 and s, pre- 
ceded by a numeral. These stand for vow and section, so that, e.g. the 
original of fig. 6 is found by examining the third section in the third row of 
the series that is catalogued under the n®” Erinaceus, 137 27. 
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Tr. The trophoblast, in several parts more than one cell thick, between which 
a few free spaces (sp.) are visible. D. The decidual stroma. Jac. Distended 
blood-spaces in the immediate vicinity of the embryo. (Mus. Utr. Cat. 
n” Erin. 136 a, 3 7. 3s.) 


Fics. 8—10.—Somewhat older embryos, in which the polar knob (ep.) of 
the trophoblast (7.) is distinctly visible, out of which the epiblast of the 
germinal area is going to develop. Ay. Hypoblast. sp. Lacunar spaces in 
the trophoblast. 

In Fig. 8 (Mus. Utr. Cat. 1° Erin. 146 27, 6 s.) the very marked 
distinction between the embryonic and the peripheric hypoblast is 
clearly visible; in Fig. 8a the trophoblast is seen to surround the 
remnant of a uterine gland (cf. Fig. 39); in Fig. 10 (Mus. Utr. Cat. 
n° Erin. 1386 d,27. 7s.) the hypoblast has not the vesicular shape, 
but is a group of cells. In the space between it and the trophoblast, 
d represents a protoplasmic exsudate into the segmentation cavity, not 
separate nuclei. 


PLATE XVI. 


The figures on this Plate are intended to show the relative increase in size 
of the blastocyst in its different phases before the appearance of the mesoblast. 
They are drawn with the camera under the same power. 


Fies. 11 and 12 are similar to Figs 4 and 6 on the foregoing Plate. In 
Figs. 13 and 14 the polar knob in the trophoblast, from which the embryonic 
epiblast will develop, has made its appearance (14, ep.). In Fig. 15 it splits 
off from the trophobiast as represented under higher power in Fig. 15a. ep. 
Embryonic epiblast. ¢r. Trophoblast. ¢7. (a.) Trophoblast in the region 
which will afterwards become the placenta (allantoidean trophoblast). 


Fies. 16—20.—Further phases of this phenomenon. In Fig. 20 the meso- 
blast (here very diagrammatically indicated) has begun to be formed. In 
Figs. 18—20 the allantoidean trophoblast just mentioned, which is situated 
above the epiblast of the germinal area (ep.), is seen to have very considerably 
thinned out. This can be more definitely demonstrated by comparing Figs. 
15a@ (Mus. Utr. Cat. n™ Erin. 147 7,27. 13s.), 17a@ (Mus. Utr. Cat. nv 
Erin. 95, 27. 11 s.), and 204 with each other. In Fig. 204 (Mus. Utr. Cat. 
n” Erin. 272 ¢1, 47.75.) the attachment of the embryonic epiblast to the 
trophoblast takes place by means of the suspensory lamina (ep.). Fig. 20a is 
an enlarged figure of the thinned omphaloidean trophoblast of Fig. 20, with one 
of its cellular villiform projections. A comparison of these different figures 
with each other shows that in the stage of Fig. 14 (ef. Fig. 39) the relative 
maximum thickness of the trophoblast is reached. 
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PLATE XVII. 


Fires. 21—26.—Outlines taken with the camera of sections through very 
early embryos of Hrinaceus. All these six drawings are rigorously on the 
same scale of enlargement. 

Fig. 21 is taken through the earliest embryo in my possession. Figs. 
22—24 are three consecutive sections through another early embryo 
(Mus. Utr. Cat. n* Erin. 48a). Figs. 25 and 26 are again two 
different embryos (Mus. Utr. Cat. n°. Erin. 48 4? and c), but were both 
taken simultaneously from the same mother as Figs. 22—24. In the 
last-named figures the hypoblast cells have increased in number. In 
Figs. 23 and 24 they commence to expand, enclosing a central cavity 
between them. In Figs. 22 and 23 the very earliest indication of the 
polar knob of the trophoblast is visible, viz. as a few cells (Zp.) 
(in the figure they are distinguished by somewhat darker nuclei) 
projecting more or Jess into the segmentation cavity. In Fig. 25 the 
polar knob is much more distinct, the hypoblast a closed vesicle without 
as yet any difference between the constituent cells. In Fig. 26 both 
the trophoblast and the polar knob (ep.) have again increased, whereas 
the hypoblast clearly differentiates into an embryonic thickened and a 
peripheral flattened portion. 

Fie. 27 (cf. Fig. 16) is meant to show the intimate blending between the 
villiferous trophoblast (Z7.) of this stage with the surrounding maternal tissue 
(for better histological detail cf. Figs. 40—54). The epiblast of the germinal 
area is indicated by #. The hypoblastic vesicle (Ay.) is evidently contracted 
and folded (a very different phenomenon from what is noted in Figs. 22—25). 
Maternal blood penetrates into the lacune (sp.) that are contiguous with the 
trophoblast, and that are immediately derived from the same spaces (sp.) of 
Figs. 7 and 8. 


PLATES XVIII & XIX. 


The figures on these two plates are diagrammatic representations of the 
relation of the embryo to the uterine tissue and of the formation of the fcetal 
membranes. The gradual increase in size is made to correspond with the 
actual phenomenon; the enlargement is between four and five times. The light 
grey tint is altogether maternal tissue (the mesometrium pointing downwards) ; 
the darker grey is that mixture of modified maternal and of embryonic tissue 
which I have called the trophosphere. Furthermore, the trophoblast and 
epiblast have a black, the mesoblast an orange, the hypoblast a blue tint. The 
non-pregnant uterus is not here represented, but on Pl. XV, Fig. 1. Of the 
histological details represented on the following plates, the correspondence with 
the diagrammatic stages here figured is thus: Figs. 37 and 38 correspond to 
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diagram 28. Fig. 39 is between diagrams 28 and 29. Figs. 40—42 cor- 
respond to diagram 29. Fig. 43 corresponds to diagram 382 (area vasculosa). 
Figs. 44. and 47 correspond to diagrams 33 and 34. Figs. 45 and 46 cor- 
respond to diagrams 35 and 36. Fig. 48 corresponds to diagram 35. Figs. 
49 and 50 correspond to diagram 36. Figs. 51 and 52 correspond to diagram 
32. Fig. 53 is between diagrams 32 and 33. Fig. 54 corresponds to diagram 
33. Fig. 55 corresponds to diagram 34. Fig. 56 corresponds to diagram 35. 
Fig. 57 corresponds to diagram 36. 

In order not to overcrowd the diagrams I have purposely omitted the 
embryo itself in Figs. 33 —36, where the amnion enclosing it takes its place. 
It would have been all the more difficult to give an adequate representation of 
the embryo, as in the stages 32 and 33 there is a large pro-amnion, the head 
thus projecting considerably into the yolk-sac. Whereas in Fig. 32 the embryo 
is still symmetrically situated, it is twisted in Fig. 33, the tail and trunk being 
turned over about 90° at the time the allantois achieves its attachment to the 
trophosphere. In the stage of 34 the pro-amnion no longer projects; the 
whole embryo is now turned side upwards. In Fig. 35 it gradually turns 
again; and in Fig. 36 it has once more reached its original—now also its 
final—position, with its back towards the placental area. During these 
successive displacements the connecting string of tissue between the embryo 
and the yolk-sac remains very short; that between the allantois and 
the navel becomes long; and in the stages of Figs. 35 and 36 the allantoic 
vessels, united into a bundle, encircle one half of the embryo, taking their 
course just outside the amnion. ‘These vessels, as well as those that pass from 
the mesometrium towards the trophosphere or placentary region, have for the 
same reason been omitted in this figure. 

The diagrams here given may be briefly characterised as follows : 

Fic, 28.—Embryo still free in uterine lumen; folds of decidua reflexa as 
yet open; decidual swelling compact, not vascular, but vasifactive. 

Fig. 29.—Reflexa on the point of being closed; decidual swelling richly 
vascularised. 

Fic. 30.—Embryonic area formed ; trophosphere further advanced. 

Fic. 31.—Mesoblast formed; blastocyst definitely shut off from uterine 
lumen. 

Fic. 32.—Closure of amnion, formation of diplotrophoblast; area vasculosa 
spreading over the greater part of the yolk-sac; formation of omphaloidean 
diplotrophoblast ; trophosphere in full development, first origin of allantois. 

Fie. 33.—The allantois abuts against the trophoblast (and thin layer of 
somatic mesoblast), and becomes intimately connected with this, thus consti 
tuting the allantoidean diplotrophoblast. Yolk-sac, with considerable villi, 
enclosed between trophoblastic growths. 

Fie. 34.—Allantoidean diplotrophoblast further developed. Yolk-sac 
gradually losing attachment in trophosphere as allantois increases and amnion 
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and embryo rapidly grow. Decidua reflexa and lower half of trophosphere 
commence to thin out. 

Fic. 35.—Allantoidean placenta rapidly developing. Omphaloidean attach- 
ments in trophoblast lost. The trophosphere (in the omphaloidean region) 
and the reflexa are being reduced to thin membranes. The uterus lumen 
penetrates upwards behind the placenta, a new epithelium rapidly originating. 

Fic. 36.—The same, advanced towards its final stage. The yolk-sac has 
ceased to grow, and is reduced and folded against the embryo’s belly. Pla- 
centa more complete; fcetal membranes still further attenuated. After-birth 
on the way of being peeled out by the further extension upwards of the 
uterus lumen and its renovated epithelium. In Figs. 34—36 radial tracts of 
tissue are seen to take their course through the allantoic cavity; embryonic 
vessels entering and leaving the placenta both in the centre and at the border. 
The maternal vessels in the stage of Fig. 36 have to take their course from 
the mesometrium, through the attenuated uterine wall, up to the antimeso- 
metrical region, where they enter the placenta. 


PLATE XX. 


Fic. 37.— Enlarged drawing of part of a section corresponding to the stage 
of Fig 5 and diagram 28. The section not being strictly transverse the lumen 
has not a full T-shape. The lips of the decidua reflexa are as yet far from 
coalescence. In the uterine lumen (Z.) a small blood extravasate (c/.) has 
appeared consequently upon the hemorrhagic cedema (@.), which is at this 
stage always noticed in the above-mentioned lips. A few sections further an 
embryo was situated in the depression (/.) corresponding in development to 
that of Fig. 5. The uterine epithelium, well-preserved on the mesometrical 
side where the tubular glands (g/'.) open out into the lumen, is fairly on the 
way of retrogressive metamorphosis on the opposite side, and in the central 
depression (/.) of the decidual proliferation. The glands in this proliferating 
region are most distinctly seen to undergo a retrograde development. Their 
open mouths (g/.) are closed, their lumen disappears, their constituent cells 
can be distinguished from the surrounding stroma only with difficulty (cf. Fig. 
2). The histological character of that stroma is easily gathered from the 
drawing. The proliferating connective-tissue cells are densely packed. Be- 
tween them vasifactive tissue is everywhere present, and the future blood- 
spaces can as yet only be recognised by the faint trace of a darker endothelium. 
Only here and there actual lumina (ca.) can be detected. These lumina are 
from the beginning so wide that they cannot be compared to ordinary capillaries, 
but must be looked upon asa vascular formation sui generis. (art.) Arterioles 
in the mesometrical region. (Mus. Utr, Cat. n® Erin. 137 a}, 3 7.) 
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PLATE XXI. 


Fie. 38.—The bottom of the central depression (/.) in the decidual neo- 
formation, with an early embryo in situ. (The embryo is the same as that 
represented in three consecutive sections on Pl. XVII, Figs. 22—24). The 
uterine epithelium (e.) is in evident proliferating degenerescence ; the embryo 
is immediately applied against the subepithelial stroma, in which blood-vessels 
(e a) are still very sparse, though already more conspicuous than in Pl. XX. 
Several of these small vessels have a thickened proliferating endothelium, 
Remnants of uterine glands (g/.), longitudinally cut, are seen in the lower 
half of the figure, In the lumen of the uterine depression the blood-clot 
(coa.) noticed in Pl, XX is present, and coalesces with the remnants of the 
disintegrating epithelium. This preparation and that figured on P]. XXII is 
magnified about twice as much as that of Pl. XX and XXIJI—XXVI. The 
nuclei in the embryo when judged from this figure would appear to be more 
numerous than they are in reality. This is owing to the extreme brilliancy 
of the chromatic elements taking part in the constitution both of the nuclei 
and of the protoplasm, and at the same time from more nuclei having been 
here figured than are visible in one optic section. For a more correct, but at 
the same time somewhat more schematic representation of the nuclei of this 
section of the embryo, see Fig. 24 (turned upside down). (Mus. Utr. Cat. n® 
Erin. 48 a, 27. 2s.) 


PLATE XXII. 


Fic. 39.—The same region as Fig. 38 in a more advanced stage of develop- 
ment. Here the embryo is wholly embedded in the subepithelial stroma. 
The maternal blocd-spaces (ca.) in the proliferating decidual tissue have in- 
creased and widened out, especially those that are in the immediate vicinity 
of the embryo. There is no perivascular increase of the decidual stroma, 
but a marked increase in the size of the endothelium cells of these spaces, 
which will be noticed still more clearly in the following stage figured on the 
next Plate. This stage of development of the embryo corresponds with that 
of Fig. 14. Remnants are visible of the reduced uterine glands (yi.), one of 
which is being surrounded (and perhaps directly absorbed ?) by embryonic cells. 
The trophoblast (Z7.) encloses irregular lacunar spaces (sp.) ; opposite to the 
mesometrium it is more compact, and grows out into a polar knob (ep.) that 
is directed inwards and will become the epiblast of the germinal area. hy. 
The hypoblastic vesicle, in which the embryonic and the peripheral portion 
have become histologically distinet from each other. There is a coagulum 
inside the hypoblastic vesicle. The coagulum (coa.) that fills the decidual 
depression (/.) of the preceding figures has increased in dimensions; more 
blood accumulates between it and the lower sides of the depression of which 
the degenerating epithelium is marked e. in this figure. Of this blood 
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accumulation other preparations than the one here figured give definite 
evidence. With reference to the nuclear and chromatic elements here figured 
in the trophoblast, the same remark applies that was made with respect to 
the histological detail of the embryo figured on the preceding Plate. Fig. 8 
gives less detail, but perhaps a clearer appreciation of the number of cells 
that contribute towards the formation of the trophoblast, an embryo in this 
stage. (Mus. Utr. Cat. n® Erin. 146 a’, 2 r. 2s.) 


PLATE XXIII. 


Fie. 40.—A section through the same region of Figs. 37—39 in a still further 
advanced stage of development. The embryo is not visible in this figure, 
because the section has passed tangentially just outside the embryonic vesicle, 
the central space (sp.) thus directly bathing the embryonic trophoblast, as can be 
shown by comparing the next section in the series. The small round corpuscles 
in this and the following figures are maternal blood-corpuscles. The relation 
of the space (sp.) to the embryo can be still better ascertained by a glance at 
Fig. 41. A section just outside the embryo, vertical to the surface of the 
paper, would here have the same aspect. c. Blood-vessels in the decidua that 
are closely contiguous to the embryo, and are characterised by a very marked 
and proliferating endothelium, irregular and partly confluent spaces being 
thus called forth in the immediate vicinity of the embryo and communicating 
with the spaces (sp.) in the trophoblast. D. The decidual stroma. g/. Re- 
mains of tubular gland. ¢. Epithelium of uterine recess (inner epithelial 
surface of decidua reflexa). coa. Coagulum, partly filling this recess before 
the final coalescence of the lips. There is a cloudy space to the right of the 
bottom of the recess, which is on three sides surrounded by proliferating 
endothelium cells. This appears to be a remnant of disintegrating uterine 
glandular tissue. (Mus. Utr. Cat. n° Erin. 147 », 4 s-) 

Fie. 41.—Similar section through the embryo and the region in which it is 
embedded at a slightly older stage. D. and ce. as in Fig. 40. Ay. The hypo- 
blast. Zr. The trophoblast of the tangentially-cut embryo. sp. The spaces 
in the outer wall of the trophoblast, widened out simultaneously with the 
stretching of the trophoblast and communicating with the blood-spaces (¢.). 
Ty. s. Cellular tissue which is formed by the accumulation of the cellular 
derivates of the endothelial proliferation in the blood-cavities immediately 
surrounding the embryo. This lacunar, spongeous, cellular tissue, soaked 
with maternal blood, which, through it, penetrates into the lacune (sp.) of the 
trophoblast, was called the trophospongia. Together with the trophoblast 
it may be said to constitute the trophosphere. (Mus. Utr. Cat. n% Erin. 
147 ¢, 4r. 7 8.) 

Fic. 42.—Fragment of a section through the surface of the blastocyst and 
its surroundings, in a stage which is again somewhat further advanced. Letters 
as in the preceding figure. (The trophospongia has increased in thickness, 
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and has become a closed spherical investment all round the blastocyst. (Mus. 
Utr. Cat. n® Erin. 95 d, 2 7, 4s.) 


PLATE XXIV. 


Fic. 43.—First stages of the extension of vitelline circulation on the yolk- 
sac against the lacunar trophoblast and trophospongia. Zr. The cellular 
trophoblast with the lacunary spaces (sp.) between the trophoblastic villi. 
Tr. s. The trophospongia of which certain of the outer cells become converted 
into larger deciduofracts (df). m.som. A thin layer of somatic mesoblast, 
situated between the trophoblast and the splanchnic mesoblast of the yolk-sac. 
m. som. is continued into the somatic mesoblast of the outer amnion fold (ef. 
Fig. 51). m.sp. The splanchnic mesoblast of the yolk-sac with the vitelline 
vessels, carrying embryonic blood-corpuscles. Ay. The inner hypoblastic layer 
of the yolk-sac. (Utr. Mus. Cat. n® Erin. 284 a4, 2 7.) 


Fie, 44.—The same region in a later stage. The trophoblast has proliferated 
into an arachnoideal arrangement of blood-spaces; the yolk-sac has become 
villiferous, and part of these villi have again been enucleated. ‘To the left of 
the figure is seen the yolk-sac, with blood-vessels (v.) and with vascular super- 
ficial villi (vz.). One of these, fitting in between the trophoblastic tissue (Z’.), 
with its spacious blood-lacunee (sp.) (filled with maternal blood-corpuscles), is 
just extracted out of its nutritive surroundings ; another, lower down, is still 
in its place. Between trophoblast and trophospongia (Zr. s.) a thin layer of 
more fusiform cells (s/.) has become visible. To the right of the trophospongia, 
with its blood-lacunz, we notice the layer of deciduofracts (df). Still further 
to the right is the decidual tissue (D.), of which the inner layer (D’.) has 
assumed a more reticular aspect. Maternal blood passes from the vessels of 
the compact decidua (not one of them happens to be cut in this section), 
through all the layers noticed, into the spaces of the trophoblast. The somatic 
mesoblast is not recognisable as a distinct membrane in this preparation. (Mus. 
Utr. Cat. n Erin. 54 2°, 5s.) 


Fic. 45.—The reciprocal relation of yolk-sac and trophosphere in much later 
stages of pregnancy. In the enucleated yolk-sac the vitelline vessels are marked 
v., the hypoblastic lining Ay. Trophoblast and trophospongia are thinned 
out into a membrane (77. and Zr. s.), which is inwardly coated by a hyaline 
layer (4. Z.) that has developed (cf. fig. 48) between the layers just mentioned and 
the layer of somatic mesoblast (m. som.), the cellular elements of which have 
again assumed a more voluminous aspect after the enucleation of the yolk-sac 
out of the diplotrophoblast. (Mus. Utr. Cat. n® Erin. 209 a’, 27. 8 s.) 

Fic. 46.—A section of the tissue of the yolk-sac in still later stages of 
pregnancy, when it is folded against the belly of the animal (cf. diagram 36), 
and has undergone considerable thickening of its walls. v. Blood-vessels in 
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which blood remains circulating up to the moment of parturition. (Mus. Utr. 
Cat. n° 206¢, 27. 58.) 


Fie. 47.—Part of the boundary region between the compact decidua (D.) in 
the stage of Fig. 44 and the layer of deciduofracts (df). In the protoplasm 
of the latter remnants of (decidual?) nuclei are detected. A small vessel (v.) 
in the decidua opens out in the space between the deciduofracts. (Mus. Utr. 
Cat. n® Hrin. 158 a, s. ult.) 


PLATE XXV. 


Fic. 48.—A section through the region of the omphaloidean trophosphere, 
which is thinning out and becoming membranaceous simultaneously with the 
decidua reflexa. The stage is intermediate between that of Fig. 44 and of 
Fig. 45. Letters as in Figs. 44 aud 45. (Mus. Utr. Cat. Hrin. n°. 94, 4s.) 

Fic. 49.—Section through the region where the uterus lumen gradually 
stretches behind the placentary region preparatory to parturition and the 
shedding of the after-birth. D. The compact decidual tissue. g/. Remnants 
of the coiled ends of glands (?). e. The newly-formed epithelium coating the 
lumen (/), and to the right of the figure passing on to the outer surface of the 
decidua reflexa, or its continuation. This latter portion of the new epithelium 
is shed with the after-birth. Diagrams 35 and 36 should be consulted. (Mus. 
Utr. Cat. n® Erin. 58 4, 6s.) 


Fie. 50.—A blood-vessel with concentrically arranged perivascular decidual 
cells, as it is encountered very coustantly in the decidua during the later 
stages of pregnancy. Between the inner endothelium and the concentric layers 
there is a hyaline membrane, which also contains nuclei. (Mus. Utr. Cat. n* 
Erin. 206, 11 s.) 


Fics. 51—57 give the consecutive phases of the gradual formation of the 
allantoidean diplotrophoblast and thus illustrate the ontogeny of the 
hedgehog’s placenta (already indicated in diagrams 38—36) in fuller histolo- 
gical detail. 

Fig. 51.—This stage, corresponding to diagram 32, may also be compared 
to Fig. 20a, than which it is, however, considerably further developed. 
Tr. Trophoblast with villi (ef. Figs. 42 and 43); the trophospongia is 
left out in this figure. #, Pv., C. and hy. Respectively the epiblast, 
mesoblastic somite (protovertebra), ccelome, and hypoblast of the 
embryo. amn.cav. The cavity above the embryo which is going to be 
converted into the closed amnion cavity. #. am. The sheet of epiblast 
by which from the beginning the embryonic epiblast was attached to 
the trophoblast, and which is now travelling and stretching upwards, 
preparatory to the completion of the amnion, of which it will form the 
inner epiblastic lining. m.som. The mesoblast of the outer half of 
the amnion fold becoming applied against the trophoblast, and forming 
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with it the diplotrophoblast. In the splanchnic mesoblast the vitelline 
circulation is already well developed. (Mus. Utr. Cat. no Hrin, 156’ 3, 
27, 9s.) 

Fig. 52.—A similar section as the foregoing, after the completion of the 
amnion. (This figure was taken from the same specimen of which the 
vitelline circulation is represented in Fig. 43.) 2. am. and mes. am. 
Epiblastic and mesoblastic layer of the amnion. m., som. and Zr. As 
in Fig. 51. sp. Blood-spaces between the trophoblastic villi. Z7r.s. 
Trophospongia. The trophoblast does not as yet show traces of active 
proliferation. (Mus. Utr. Cat. n° Hrin. 284 a3.) 

Fic. 53.—The same region in a stage somewhat further advanced, in 
which, however, the protruding allantois has not yet traversed the 
ccelomic space, and has not yet come in contact with the wall of the 
blastocyst. Active proliferation has commenced in the trophoblastic 
tissue (77.), which is similarly altered (as was noticed in Fig. 44 in the 
vitelline region) into an arachnoidal network enclosing spacious lacunx 
(sp.) derived from the spaces (sp.) of Fig. 52,and filled with maternal 
blood through the intermediary of the trophospongia (Z7s.). Between 
the latter tissue and that of the trophoblast a layer of fusiform cells (s/.) 
is interposed. Further downwards this layer is directly continued into 
the layer (s/.) of the vitelline region, which is represented in Fig. 44. 
m. som. A thin layer of somatic mesoblast. (Mus. Utr. Cat. n® Erin. 
155e, 27. 8s.) 

Fig. 54.—The same region at a later stage, when the allantois has just 
come into contact with the diplotrophoblast. The latter has still further 
proliferated (the scale of enlargement is the same as in the preceding 
figures), and in the recesses between its more prominent portions the 
allantois-villi can easily grow and develop without any active pene- 
tration on their part. Two of these villi, marked a. v., are seen in this 
figure. The blood-vessels in the allantois (a//.) are very distinct, and 
filled with embryonic blood-corpuscles. The hypoblastic lining of the 
allantois (Ay. a.) is also still a distinct feature in this stage. Zr. The 
trophoblast with the blood-spaces (sp.); the latter distinctly com- 
municating (e.g. in the middle of the figure) with those in the tro- 
phospougia (Z7s.), through interruptions in the more stratified layer 
(st.). In this preparation only faint traces of the somatic mesoblast as 
a distinct constituent of the diplotrophoblast can be detected. (Mus. 
Utr. Cat. n° Erin. 45 a, 5s.) 
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PLATE XXVI. 


Fig. 55. Later stage enlarged on same scale. The trophoblast has again 
become considerably thicker, the blood-spaces in it having at the 
same time increased. Z's.,a.v., sp., all., and hy. a. as in Fig. 54. 
e. bl, Embryonic blood-corpuscles. m. 4/. Maternal blood-corpuscles. 
v. Larger adherent blood-vessel in the allantois. The allantoic 
villi are in this stage partly surrounded by a pseudo-epithelium derived 
from the adjacent trophoblast, which was already more or less indicated 
in Fig. 54. (Mus. Utr. Cat. no Erin. 54 51, 14 s.) 

Fig. 56. Still later stage, same scale. Letters as in Fig. 55. The 
allantoic villi may here be said to be bathed on all sides by maternal 
blood, circulating in spacious lacune that are sustained by trophoblastic 
(embryonic) tissue. (Mus. Utr. Cat. no Erin, 18 d, 2 s.) 


PLATE XXVII. 


Fig. 57. Vertical section through a portion of the ripe placenta of 
Erinaceus. The region a is that which in the preceding figures was 
called the trophospongia. The region 4 corresponds to the combined 
trophoblast and allantois. Further outwards (in casu upwards) of 
the former is the proliferated mucosa, which has been flattened out to 
a cup-shape (ef. diagram Fig. 36), but of which in this figure hardly 
anything is represented. Between it and the trophospongia remnants 
of the deciduofracts can be observed. They are marked dd. The 
blood-spaces in the trophospongia have yet increased in size, although 
the trophospongia as such is relatively considerably reduced when 
compared to trophoblast and allantois. To suit the size of the Plate 
the latter region (4) is in this figure even too restricted, and generally 
exceeds the trophospongia in size still more considerably than is here 
indicated. In the region of letter ¢ remnants of the layer of fusiform 
cells between trophospongia and trophoblast are distinctly seen. The 
trophoblast tissue is seen to be really soaked with maternal blood, and 
at the same time most intimately and indivisibly united with the 
allantois tissue. The latter can yet at different points be recognised, 
and towards the cavity of the allantois larger arteries (all. art.) are 
seen in transverse sections. The smaller arteries are seen to rise 
radially into the trophoblastic tissue, and reach upwards to close 
towards the trophospongia. For the genetic evolution of the spaces 
(sp.), &e., see the foregoing Figs. 39, 42, 52—56. (Mus. Utr. Cat. 
n® Erin, 209 a—a’.) 
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The Anatomy of the Madreporaria: V. 
By 


G. Herbert Fowler, B.A., Ph.D., 
University College, London. 


With Plate XXVIII. 


In spite of the fact that, in the last few years, our know- 
ledge of the anatomical features of this group has been greatly 
widened, we still are acquainted with so few genera, that the 
time seems hardly yet ripe for a discussion of those modifica- 
tions, which are likely to be ultimately introduced into the 
systematic classification by further morphological study. For 
the present, therefore, this series of papers! will, it is hoped, be 
continued as simple descriptions of anatomical structure, with- 
out any attempt as yet at such discussion. An account of 
the following species will be found below: 


Duncania barbadensis, p. 405, | Heteropsammia multilobata, 
Madrepora, sp., p. 409. p. 412. 
Galaxea esperi, p. 409. | Bathyactis symmetrica, p. 416. 


DUNCANIA BARBADENSIS (Pourtalés). 


Some sections of a decalcified specimen of this rare coral 
were entrusted to me by Professor Moseley; unfortunately 
the series is incomplete, and this, combined with the fact that 


1 As I have frequent occasion to refer to the earlier papers of the series, 
it will be sufficient to give here the volumes of this Journal in which they 
occur: “ Anat. Madr.,” No. I, in vol. xxv; No. 1, in vol. xxvii; Nos. III 
and LV, in vol. xxviii. 
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there is no specimen of the corallum in England, has caused 
one or two points to be left undetermined. I have no record 
of the locality from which the specimen was taken; probably, 
like the other known specimens, it comes from the West 
Indies. 

The corallum consists of a single theca, attached below to 
some foreign body by its side, but curving upwards to the 
vertical. It is covered externally by a thick epitheca, which 
rises some distance above the level of the septa ; the latter are 
generally twenty in number, of which ten are longer than the 
rest. They unite in a pillared columella. 

From some manuscript notes by Professor Moseley it 
appears that, in the retracted condition, the peripheral part of 
the oral disc is drawn inwards and downwards, so as to com- 
pletely cover the tentacles (fig. 1), a condition which is 
characteristic of Actiniaria, but which has been described for 
Sphenotrochus only among Madreporaria (‘ Anat. Madr.,” iv). 
As to the general characteristics, he observes that there are 
“‘twenty pali of two sizes, symmetrically arranged; two of 
the cycle of ten smaller ones occupy the dorsal and ventral 
middle lines, judged from the one-sided attachment of the 
calicle” [that the attachment of the calicle does not indicate 
the true dorso-ventral axis of the polyp, appears from the fact 
that the septa in the entocceles of the directive mesenteries 
belong to the longer cycle]. ‘ Attached side being termed 
dorsal, the interval between the outer ends of the pali and the 
border of the calicle is much greater ventrally than dorsally, 
indeed it almost disappears dorsally. The position of the 
mouth is thus somewhat excentric dorsalwards, and that of the 
cycles of pali correspondingly.” 

The next anatomical character of interest is that there is no 
trace of any soft tissue on the outside of the calicle ; Duncania 
agreeing in this respect with Flabellum (‘ Anat. Madr.,” i). 

1 T am not able to say from personal knowledge that no tissues were present 
on the exterior before decalcification ; but it is very improbable that Professor 
Moseley would have omitted to mention the fact in such a case both in his 
MS. notes and when giving me the sections. 
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While my sections do not begin till the plane of the septa is 
reached, there can be no doubt (and it seems likely from 
Professor Moseley’s MS. sketch) that the soft tissues are con- 
tinued on the inside to the summit of the epitheca, in the 
manner represented in the diagrammatic fig. 2, since growth 
of that part would not otherwise be possible. Passing inwards 
from this point the oral disc slopes downwards to the position 
of the strong endodermal sphincter muscle (sph., fig. 2) by the 
agency of which the disc is drawn down over the tentacles. 
Sections a little way below this point show the tentacles lying 
in a continuous space bounded both centrally and peripherally 
by ectoderm,! i.e. in the pouch of ectoderm formed on the 
contraction of the sphincter (figs. 2, 3). Lower yet, the 
columella and its pillars are cut before the bottom of the 
stomodzum is reached, the latter being thrown into tortuous 
folds among them. The tentacles are simple, and entoccelic 
only, i.e. twenty in number; their ectoderm is not differen- 
tiated into batteries, but is charged with large nematocysts. 
The mesenteries amount to twenty pairs, of which, like the 
septa, ten are longer than the rest; they all bear filaments, 
and two of the longer pairs at opposite ends of a diameter of 
the circular polyp are “ directives ;’ their mesoglea lamina is 
very thick and coarsely pleated, the pleats showing no tendency 
toarborescence. The mesoglcea, indeed, is unusually thick over 
the greater part of the polyp. The endoderm is composed of 
very long vacuolated cells, so long as almost to obliterate the 
peripheral parts of the mesenterial chambers; the filament is 
of the usual character, the ova are, in structure and relations, 


1 This appearance in transverse section must be carefully distinguished, in 
investigating Madreporaria, from a somewhat similar one, which is due merely 
to distortion, and in which an excessive contraction of the mesenteries (cf. 
von Heider, ‘ Zeit. wiss. Zool.,’ xliv, p. 158) has pulled the oral disc into 
pockets, so that a space bounded internally by ectoderm appears to lie either 
in the centre of the mesenteries or in the mesenterial chambers ; in the latter 
case, the cross-section of a tentacle is often found in the centre of the space. 
The tentacles then lie, however, in a series of pockets; in the case of 
Dunceania, &., the pouch in which they are found is a continuous circle 
(ef. fig. 3). 
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also entirely normal. No zooxanthelle occurred in this 
specimen. 

From the foregoing description it is sufficiently obvious 
that Duncania is a true Madreporarian, differing in no point 
of importance from the ordinary type; a fact interesting, 
since Pourtalés, who founded the genus,! regarded it in the 
first instance as a living member of the great Order M adre- 
poraria rugosa, which characterises Carboniferous strata, 
basing this belief chiefly on the tetramerism of the septa. 
Both he? and Lindstroém,? in pointing out independently that 
tetramerism is not an embryonic character of these corals, 
have really brought Duncania and the so-called Rugosa into 
closer alliance. While Lindstrom writes, “There seems to 
be no reason to class this species”? (Duncania) “among the 
Rugosa, which commonly are considered to have four septa 
of the first order. In making a thin section of the apex 
of a Duncania I distinctly saw six septa of the first order, 
which meet in the centre ;’—Pourtalés points out that he and 
Ludwig (‘ Paleeontographica,’ x and xiv) have independently 
arrived at the conclusion that the young “ Rugose” coral 
(in this instance, Lophophyllum proliferum) has at first 
six primary septa, and that the apparent tetramerism is due to 
arrest of two of the primary hexameric systems. If therefore, 
as seems probable, it be ultimately proved that Duncania is 
allied to such forms as Zaphrentis, it is most interesting to find 
that the latter are really to be assigned to the Madreporaria, 
a conclusion on which serious doubt has been cast. 

In spite of the fact that there are two genera of Corals 
bearing the name Duncania, and both are usually classed with 
the ‘‘ Rugosa,” I have not ventured to rename Pourtalés’ form, 
since it appears to be doubtful whether the other (and prior) 

1 « Deep-sea corals ” in ‘Mem. Mus. Comp. Zool. Harvard,’ vol. iv, 1874 
(= ‘Zool. Results Hassler Expedn.,’ pt. i, ‘‘ Echini, Crinoids and Corals”’). 

2 In a discussion of Haplophyllia, a close ally of Duncania, and, like it, 
classed with the Rugosa, ‘Mem. Mus. Comp. Zool. Harvard,’ vol. ii (= 
‘Tilustr. Catal. Mus. Comp. Zool. Harvard,’ No. iv). 


3 «Contributions to the Actinology of the Atlantic Ocean,” ‘ K. Svensk. 
Vet.-Akad. Handl.,’ xiv, No. 6, p. 13. 
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Duncania (‘ De Koninck, Nouvelles Recherches sur les animaux 
fossiles du Terrain carbonifére de la Belgique,’ lre partie, 
Bruxelles, 1872, 4to.) is not merely an altered Zaphrentis (cf. 
Lindstrom, loe. cit.). 

Figures and a detailed description of the corallum will be 
found in the works of Lindstrém and Pourtalés already cited. 


MapReEpora, sp. 


For a large quantity of material, taken on the cruise of the 
“Challenger ” from the Papeete reef, I am indebted to Mr. 
John Murray. The species appears to be identical with an 
unnamed specimen in the British Museum labelled ‘ Tahiti, 
10, 8, 69.” The anatomy agrees entirely with that of the 
Madrepora aspera already described (“‘ Anat. Madrep.,” ii) ; 
of the six pairs of mesenteries, those numbered 1, 2, 4, 6, 7, 
9, 11, 12, according to the notation there used, are fully deve- 
loped, while 3, 5, 8, 10 are only attached to the stomodzeum 
for a short distance, and do not develop a filamentar thick- 
ening on the free edge. There are twelve tentacles, of which 
the six entoccelic are longer than the others. 

One polyp, apparently undergoing fission, showed eighteen 
tentacles, not divisible by their length into two sets, and nine 
pairs of mesenteries ; the longer axis of the stomodzeum was 
at right angles to the axial-abaxial plane. The directives 
were not recognisable in this polyp owing to the very slight 
development of the mesenterial muscles; when seen in other 
polyps of this or of other Madreporz they are always in the 
axial-abaxial plane. Observations on the relations of the 
plane of fission to the directives would be extremely instruc- 
tive. 

I have taken this opportunity to figure the typical structure of 
the genus Madrepora (woodcut, p. 410; and Pl. XXVIII, fig. 4). 


GALAXEA ESPERI. 


For a fine specimen of this species I am indebted to my 
friend Dr. S. J. Hickson, who obtained it from the reefs of 
North Celebes. 
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A reference to the anatomy of G. lampeyrana is made by 
Dr. von Koch (‘ Morph. Jahrb.,’ v, p. 319), who has added so 


Part of a vertical section along a branch of a decalcified Madrepora, to show 
the tubes, which ramify through the pores of the corallum, and which 
open into each other and into the ccelentera of the polyps. Circulation 
can thus be effected through the whole colony. The corallum before 


decalcification fills all the spaces between the tubes. Cf. fig. 4 and its 
explanation. 


much to our knowledge of Madreporaria, and who states that 
it closely resembles Caryophyllia. 

An examination of a young specimen shows that it is built 
on the same general type as most of the other Imperforata 
with the anatomy of which we are acquainted. There are 
twenty-four simple tentacles, six larger entoccelic, six smaller 
entoceelic, and twelve very small ectoccelic. The mesenteries 
(in this young specimen) amount to twelve pairs, of which six 
are longer than the remainder and may be accounted primary ; 
all alike bear a filamentar thickening of the usual character ; 
two of the longer pairs at opposite ends of the long axis of the 
oval stomodeum are the directives. The septa are all entoccelic,! 
and therefore are twelve in number, the six primary being 


1 According to v. Koch, the septa of Caryophyllia are both ecto- and ento- 
ceelic. 
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longer than the rest. Coste, i.e. ridges on the outer face of 
the theca, correlated with the septa within, correspond to the 
primary septa, but die out at some distance from the base. 

The relations of the body wall are in one respect peculiar. 
The Galaxea colony consists of (1) the polyps with their thece ; 
they are free, i.e. do not touch one another laterally, but spring 
independently from (2) a plate-like cenenchyme which encrusts 
dead coral or rock. The body wall is continued (outwards and 
downwards from the oral disc) over the lip of the theca, and 
is supported in the usual manner for a certain distance on 
the peripheral lamelle of the mesenteries. The latter then 
cease, and the body wall extends as a loose sheet down the 
side of the theca, over the plate of coenenchyme, and up the 
sides of the polyps next adjacent. A vertical section between 
two polyps shows therefore (1) the body wall of ectoderm, 
mesogloea, and endoderm ; (2) a space, part of the common 
celenteron of the colony; (3) a layer of endoderm, meso- 
gloea and (?) calicoblasts which directly overlies (4) the 
coenenchyme itself. 

Sections of a larger polyp showed six primary, six secondary, 
and twelve tertiary entocclic septa; twenty-four pairs of 
mesenteries ; twenty-four entoccelic, and, apparently, twenty- 
four ectoceelic tentacles. It is not, however, possible to speak 
with certainty as to the presence of ectoccelic tentacles in this 
and many other Madreporaria in which the ectoderm is not 
specially differentiated into batteries, without an inspection of 
the living expanded animal; since folds of the oral disc may 
easily be misinterpreted in this connection. 

The mesenteries do not extend quite to the bottom of the 
polyp cavity; at the point where they cease a change occurs in 
the character of the endoderm; elsewhere composed of the 
ordinary cubical cells, it swells here into such long vacuolated 
cells as to completely obliterate the interseptal spaces. Well- 
developed calicoblasts of the type already figured for Lophohelia 
« Anat. Madr.,”’ iii, fig. 8) occur at the growing points of the 
coral. In other respects the histological characters do not 
call for comment. No generative organs occurred in my speci- 
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mens, and zooxanthelle are present in the cclenteron in large 
numbers. 

For a figure! and description of the genus, see Milne-Edwards, 
‘Hist. Nat. Corall.,’ ii, p. 223, pl. v2, fig. 2a. 


HETEROPSAMMIA MULTILOBATA. 


For some material of this beautiful Eupsammid coral, I am 
again indebted to the kindness of Professor Moseley, whose 
generosity I can never sufficiently acknowledge. 

This particular species is colonial; the body of the corallum 
(of which a fine specimen, now in the British Museum, is drawn 
in Professor Moseley’s ‘ Report on the Deep Sea Corals,’ pl. 
xli, figs. 1—8), is in the shape of a broad pear, of which the 
lower or resting surface is somewhat flattened, while from the 
upper side spring the calicles of the polyps. Where the stalk 
of the pear should be, is a large pore (fig. 5) leading into a 
spiral chamber in the centre of the corallum (fig. 6), which is 
inhabited by a commensal Sipunculid worm, and into which 
smaller pores round the bases of the calicles also open. As to 
the origin of this spiral chamber, there exists considerable dif- 
ference of opinion; Milne-Edwards, by whom the genus was 
originally founded (‘ Hist. Nat. Zool.,’ i, p. 105), believed 
that it represented the cavity of a Gastropodan shell, on which 
the embryo coral had settled and which the latter had finally 
overgrown ; Semper, on the other hand (‘ Zeit. wiss. Zool.,’ 
xxii, and ‘Animal Life,’ Intern. Sci. Series, p. 334, et seq.), 
denies this, but cannot be said to adduce definite evidence 
to the contrary. Inthe absence of such direct experimental 
evidence, analogy points very strongly to the probability that 
Milne-Edwards was in the right. 

There are two other (I believe, only two other) genera of 
Madreporaria possessing the very characteristic form of Hetero- 
psammia (i.e. the pear-shaped body, &c.), namely Stephanoseris 
and Heterocyathus; in the centre of both occurs the spiral 


1 A diagrammatic figure of the general anatomy will be found in Dr. S. J. 
Hickson’s forthcoming work on the Celebes group. 
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chamber with its Sipunculid tenant. Some species of all 
three genera are known to derive the curvature of the chamber 
from settlement on a heliciform shell, as the latter is in some 
specimens only partially obscured by the overgrowth of coral ; 
for instance, Heteropsammia analoga on a Turritella 
(British Museum), Heterocyathus parasiticus on Nassa 
and Cerithium (Semper), Stephanoseris lamellosa on at 
least seven genera! (British Museum). Further, in the case of 
the last-named species, a complete series might be arranged 
from the specimens in the National Collection, showing how, 
as growth proceeds, the characteristic outline is acquired. 
The embryo coral settles near the mouth of the shell (in this 
instance a Nassa), round which it gradually extends; at the 
same time, the original mouth being unnecessarily large for 
the Sipunculid, the latter roofs it over with a deposit of (?) 
lime (cf. Forbes’ ‘ British Starfishes,’ p. 252. Van Voorst, 
1841, 8vo.) excepting only for one large pore in the centre, 
and a lesser one higher up, which, when the shell has been 
covered, appears to lie just at the base of the theca, and which 
is continuous with, or a prolongation of, the anterior canal of 
the lip. Growth of the Stephanoseris obscures the shell and 
this artificial roof more and more, gradually producing the 
characteristic outline. As increase of bulk proceeds, the 
Sipunculid (?) lines the two pores with a material which resem- 
bles a Serpula tube. The lesser pore? in S. lamellosa 
appears to be homologous with the tiny pores placed either 
on the base of the whole structure (S. philippinensis), or 
round the bases of the thecze (Heteropsammia). The lesser 
pore may coexist with tiny pores on the base (S. exarata). 
To these further reference will be made below. 

Again, a large number of Gephyrea normally inhabit helici- 

1 The genera represented in the British Museum on which this species has 
settled are Mitra (5 sp.), Drillia, Columbella, Strombus, Pleurotoma, Ceri- 
thium, Nassa (2 sp.). For this determination, and for many other courtesies, 
I am indebted to the gentlemen in charge of various departments in the 
Museum, and especially to Professor F. J. Bell. 


2 The specimens of Heterocyathus which I have examined possess a similar 
pore (cf. Semper, ‘ Animal Life,’ p. 336). 
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form shells, including the Phascolion strombi (Sipunculus 
bernhardus, Forbes) of our own coasts. In the case of several 
species, it has been noticed that they tenant either a heliciform 
or a straight (Dentalium) shell. 

To summarise—we know (1) that three genera of similar 
and characteristic form (though not closely allied) contain a 
spiral chamber inhabited by a Gephyrean; (2) that in the 
case of some species of all three genera, this chamber is 
certainly due to settlement on a heliciform shell; (3) that in 
the latter case the characteristic shape is nevertheless acquired 
by growth over the shell; (4) that many species of Gephyrea 
normally inhabit heliciform shells irrespective of the presence 
of Madreporaria; (5) but sometimes tenant a straight one, so 
that curvature is not a primary physiological necessity to them. 
To these may be added (6) that in all the species, if settlement 
is known to occur at all, it is always on a Gastropedan, never 
on dead coral or rock. I would therefore submit that, in the 
absence of experimental proof, we are for the present justified 
in regarding the heliciform cavity as due, in those cases where 
we have no direct evidence, to the same cause as in those 
where our knowledge is more exact. 

Professor Semper’s suggestion, that a faster growth of the 
Gephyrean in length than that of the coral in breadth pro- 
duces the spiral chamber, seems inadequate, unless the worm 
possesses the power of boring into or absorbing the hard 
coral, a power not, I believe, attributed to it. 

I have been permitted to grind a microscopical section of 
the corallum of Heteropsammia Michelini in the British 
Museum; and though no trace of a shell is visible round the 
spire, yet the many admitted cases in which various organisms 
absorb a Molluscan shell (for example, a Hydractinia, some 
Porifera (and Adamsia?), from our own coasts can entirely 
absorb the Buccinum shell on which they settle) deprive this 
argument of all force. 

The anatomy of the colony in the main resembles that of the 
Rhodopsammia previously described (“ Anat. Madr.,”i). Colony 
and polyps are alike clothed in a continuous body wall of the 
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usual structure; but while in the case of the independent 
polyps of Rhodopsammia this is supported on the peripheral 
lamelle of the mesenteries, it rests here on the echinulations 
of the coenenchyme in the manner characteristic of Madrepora, 
Seriatopora, &c.; a result of colonialism, the importance of 
which has been already: pointed out (“ Anat. Madr.,’’ iii, sud 
Turbinaria). The tentacles are simple, their ectoderm is not 
raised into batteries, and they are apparently both ectoccelic 
and entoclic. The septa are both ectocelic and entoceelic, 
and fusion occurs between certain of the cycles ceutrally, as is 
the case in Rhodopsammia. 

Owing to the fact that the calicles increase by fission, there 
is great irregularity both of the cycles of septa and of the 
number of pairs of mesenteries; the latter varying in my 
specimens from 17—80 pairs. In sections passing through 
the plane where fission commenced, and where consequently 
considerable absorption and re-deposition of coral has occurred 
(fig. 7), the tubes perforating the skeleton are very irregularly 
distributed. At the surface, however, they are arranged more 
systematically in the manner usual among the Perforata, and 
show very clearly the method of their formation, to which 
reference has been made in a previous paper. They are not 
the result of absorption of the corallum, but are formed in all 
coenenchymatous Perforata which I have as yet examined in 
the manner indicated diagrammatically in fig. 11, representing 
the peripheral edge of a transverse section, and showing the 
transformation of the hemicylindrical canals immediately 
beneath the body wall into the internal cylindrical canals by 
radial growth and transverse fusion of the echinulations. 
Their formation in accenenchymatous Perforata is probably 
due to a somewhat similar but less regular process. The non- 
appearance of “directive”? mesenteries in all the polyps which 
I have examined is possibly due also to the multiplication by 
fission; their absence has been previously noticed only in 
Lophohelia (Anat. Madr.,” iii), Mussa, and Euphyllia 
(Bourne, ‘ Quart. Journ. Mier. Sci.,’ xxviii), but no explana- 
tion has been advanced to account for it. 
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The only other point to be mentioned in dealing with the 
soft tissues relates to the small pores under the calicles which 
lead from the exterior into the spiral chamber; they are lined 
by an ingrowth of the body wall with all three layers of ecto- 
derm, mesogloea, and endoderm (fig. 8), a somewhat unexpected 
result. Professor Semper’s explanation of these pores is that 
they correspond to successive positions of the anus of the 
Gephyrean, and serve for the extrusion of its excrement 
(‘Animal Life,’ p. 336). Against this may be urged (1) that 
the pores are probably too minute for this purpose (only 3 mm. 
in diameter! after shrinkage of the tissues); and (2) that what 
appears to be excrement lies in the spiral cavity, not in the 
pore ; (3) that the Gephyrea tenanting Gastropodan shells on 
which no coral has settled are not provided with any such 
convenience. I regret that I can offer no suggestion either as 
to their use or the method of their formation. 

The animal is dicecious ; the generative organs were of the 
usual structure. Figures and a description of the corallum 
will be found in Professor Moseley’s report cited above. 


BATHYACTIS SYMMETRICA. 


By the kindness of Mr. John Murray I have been allowed 
to examine spirit specimens of this coral, dredged by the 
“Challenger ” in 1600 and 2300 fathoms. Unlike the rest of 
the “ Challenger ” material, these specimens are histologically 
useless ; the endoderm has run into a jelly-like mass in which 
cell-outlines are no longer distinguishable, and the mesoglea 
alone can be used for the determination of anatomical relations. 
This result is probably due to the rapidly diminishing pressure 
during their sudden ascent from the great depths at which 
the corals live; but it is remarkable that the Crustacean 
Petrarca, parasitic in the mesenterial chambers of Bathyactis, 
and recently described in this Journal (vol. xxx, p. 107) had 
not undergone any histological deliquescence. 

The corallum consists of a thin flattened disc (the true 


1 The pore for the proboscis, as a means of estimating the size of the worm, 
is 14—2 mm. in diameter. 
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theca) from which the septa spring vertically upwards, and 
which is marked on the lower surface by costz corresponding 
to the septa. Itis generally classed with the Fungida; since 
the researches of Bourne (‘ Quart. Journ. Micr. Sci.,’ xxxvii, p. 
293), however, we know that Fungia is a true Perforate coral, 
which may perhaps be allied to the Eupsammide (‘ Anat. 
Madr.,” iv), and which differs mainly from other Perforata in 
constructing a flattened discoidal theca, instead of the more 
usual vertical cylindrical form. Bathyactis, on the other hand, 
belongs more properly to the Imperforata, the theca consisting 
of asolid plate, with the exception of certain specimens 
instanced by Moseley (Chall. Rep. Zool., ii; ‘ Deep Sea Corals,’ 
p. 186) in which apertures in the peripheral region of the 
theca were obviously due to an insufficient supply of calcium 
carbonate. 

Sections of a decalcified specimen showed twenty-four ecto- 
ceelic and twenty-four entoccelic septa; twenty-four pairs of 
alternately longer and shorter mesenteries, of which two pairs 
at opposite ends of a diameter were the directives. The basal 
tissues do not consist merely of ectoderm and mesoglea (cf. 
Moseley, 1. c., p. 189), but are identical with the extra-thecal 
tissues of an ordinary Imperforate, such as Lophohelia or 
Mussa (fig. 10). It is therefore not the case that these tissues 
are the original basal body wall of the embryo (‘ Anat. Madr.,”’ 
i), this tissue undergoing presumbly the usual transformation 
into the calicoblastic layers of the adult; but Bathyactis bears 
the same relation to the Imperforata as does Fungia to the 
Perforata, in forming a discoidal theca by continuous hori- 
zontal growth instead of a cylindrical one by vertical addi- 
tions. 

Figures and a description of the corallum will be found in 
Professor Moseley’s report on Corals (Chall. Rep. Zool., vol: ii, 
p- 185). 

AppENDUM.—Since the above paper was in type, I have had under obser- 
vation in the Plymouth Laboratory of the Marine Biological Association a 


living specimen of Caryophyllia about 4 mm. high, which is absolutely devoid 
of extrathecal soft tissues. The discrepancy between my observations and 
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those of Dr. von Heider on the “ Rand-platte ” of Cladocora receives an easy 
explanation, if the latter may in some cases be absent. 

In the shells of Dentalium and various Gastropoda tenanted by Phascolion 
strombi, which have been dredged this summer by the Marine Biological 
Association at Plymouth, I have vainly looked for pores corresponding to 
those round the base of Heteropsammia and other corals mentioned on p. 413 ; 
nor can I find mention of such in the account of the Sipunculide by Selenka 
and others in the ‘ Reisen im Archipel der Philippinen.’ I owe, however, to 
Mr. A. E. Shipley a reference to a paper by Théel (‘ K. Svensk. Vet.-Akad. 
Handl.,’ xiv, p. 6), where it is stated that lateral holes do occasionally occur 
in shells so tenanted. 


EXPLANATION OF PLATE XXVIII, 


Illustrating Dr. G. Herbert Fowler’s paper on ‘‘ The Anatomy 
of the Madreporaria: V.” 


c. ec. Cylindrical canal. or. d@. Oral disc. 

cel. Colenteron. | or. @', Invaginated oral dise. 
col. Columella. | p. Palus. 

ech. Hchinulation. | Se. Septum. 

ect. Hctoderm. sph. Sphincter. 

en. Endoderm. | st. Stomodeum. 

h. c. Hemicylindrical canal. te. Tentacle. 


me. Mesogloea. th. Theca. 


| 
| 
mes. Mesentery. | 


Fic. 1. DUNCANIA BARBADENSTS (Pourt.).—View from above of the polyp 
in a retracted condition. That part of the tissues lying on the projecting lip 
of the epitheca is not marked by the septa. The oral disc has been drawn 
inwards by the sphincter muscle, allowing the opening of the stomodeeum into 
the coelenteron to be seen below; this opening is nearly blocked up by the 
pillared columella in the centre. (After a MS. sketch by Professor Moseley.) 


Fic. 2. DUNCANIA BARBADENSIS.—Ideal diagrammatic section in a vertical 
plane. The soft tissues lie entirely within the corallum, of which ep. marks 
the region of epitheca projecting above the level of the septa, and ¢h. the 
region formed of epitheca and true theca; the hard tissues are indicated by 
dotting. The tentacle is seen to lie in a pouch of the oral disc formed by the 
contraction of the sphincter, lying above the stomodzum. 

Fic. 3. DUNCANIA BARBADENSIS.—Diagrammatic section of a pair of 
mesenteries and the associated structures, in the plane indicated by the arrow 
in Fig. 2, to show the relations of the body-layers. (Cf. p. 407, note.) 
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Fic. 4.—Maprerora.—Typical section across a segment of a decalcified 
stem, to show the relations between the branching tubes, the ccelentera of the 
polyps, and the external body wall. The oral disc and tentacles of the 
polyp have been cut off, showing the stomodeum opening below into the 
ceelenteron and slung on the twelve mesenteries. Between the directive 
mesenteries are the grooves left by the removal of axial and abaxial septa. 
While the tubes lying directly under the body wall are hemicylindrical, the 
more central tubes are generally completely cylindrical or oval ; for an account 
of their formation, cf. Fig. 11, and p. 415. <A solid section in a plane at 
right angles to this is represented in the woodcut on p. 410. 


Fic. 5. HeTEROPSAMMIA MULTILOBATA.— View of the corallum from below, 
showing the pear-shaped, slightly flattened base, with the pore for the pro- 
boscis of the Sipunculid and the tiny pores round the bases of two of the 
calicles. 


Fic. 6. HetTEROPSAMMIA MULTILOBATA.—Transverse section through the 
body of the corallum, passing (at a lower plane than the polyp-cavities) 
through the spiral chamber tenanted by the Sipunculid. The arrow is supposed 
to have entered through the terminal pore. 

Fic. 7. HeTEROPSAMMIA MULTILOBATA.—Transverse section through the 
centre of a colony, showing parts of two adjacent polyps at a point where 
fission and consequent new growth of coral has occurred. The corallum is 
dotted, the mesogloea black (the endoderm has been omitted, except for a 
diagrammatic representation of the mesenterial filament). The four spaces 
marked with across are now empty, but have obviously at one time been 
mesenterial chambers. 

Fre. 8. HetTEROPSAMMIA MULTILOBATA.—Part of the transverse section 
represented in Fig. 6, passing from the external surface to the spiral chamber. 
The external body wall resting on the echinulations dips inwards to line one 
of the tiny pores discussed on pp. 418, 416. The soft tissues do not, however, 
line the spiral chamber itself. Ectoderm ‘blocked ;” mesogloea, a black 
line; endoderm, light grey ; corallum, dotted. 

Fig. 9, HeteROPSAMMIA MULTILOBATA.—The external layer of soft tissues 
stripped off, and viewed from the exterior (7. e. the tissues represented dia- 
grammatically in Fig. 11, a), showing the nearly vertical tubes under the 
body wall, with transverse connecting tubes between the echinulations. 

Fic. 10. BarHyacTIs sYMMETRICA.—Diagrammatic vertical section, to 
show the general anatomical relations. The basal body wall is supported on 
the peripheral lamelle of the mesenteries, as in the corals with a vertical 
theca, and is similarly composed. 

Fig. 11.—Diagram showing the formation of the cylindrical internal tubes 
of a Perforate coral by growth and fusion of adjacent echinulations across the 
hemicylindrical tubes underlying the body wall. (Cf. p. 415.) 
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THE present paper contains some of the results of the exami- 
nation of a quantity of material which I have been gradually 
amassing during the last few years. For this material 1 am 
indebted to the kindness of numerous friends at home and 
abroad who have interested themselves in the matter. For the 
most part the specimens which are described here were in a fit 
state of preservation for microscopical study. 


I. On the Structure of three New Species of Acanthodrilus, 
with Remarks on other Species of the Genus. 


Some time since I received from the Falkland Islands eight 
or nine examples of a small species of Acanthodrilus. The 
specimens were collected and preserved by Dr. Dale at the 
request of Mr. Coleman, the Secretary of the Falkland Islands 
Company. 
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It happens that the only species of Earthworms known from 
that quarter of the world belong to the same genus. Mandane 
littoralis of Kinberg from Patagonia has been recently shown 
by Perrier (84) to be an Acanthodrilus. I have myself ex- 
amined an individual of this same species which is contained 
in the National Collection at South Kensington, and can quite 
confirm Perrier’s identification. It follows, therefore, that, 
strictly speaking, the name Mandane should be retained 
for the genus, and the name Acanthodrilus allowed to drop." 
The remaining species is Acanthodrilus georgianus, from 
South Georgia (see Michaelsen, 31). 

The species which I describe here may be identical with 
Acanthodrilus (Mandane) littoralis, but I have no 
means of coming to a certain conclusion ;? as it hardly differs 
from A. georgianus in any characters to which Michaelsen 
has directed attention Irefer it to that species, of which I am 
able to give a rather fuller account than that contained in 
Michaelsen’s paper. The largest individual measures about 
three inches in length. 

The sete are disposed like those of A. multiporus, i.e. in 
four series of pairs with a rather greater interval between the 
two setz of the dorsal pair than between the two setz of the 
ventral pair.® 

The clitellum occupies segments x1v—xvi and a portion of 
segment x111; the boundaries of the several segments were in 
every case quite distinguishable. The median ventral part of 
the clitellar segments lying between the innermost seta of each 
side showed no absence of glandular development. 

The prostomium (fig. 22) has the shape illustrated in the 
figure ; it does not divide completely the buccal segment. 


1 Since writing the above, I find that Kinberg used the name Mandane 
twice in the same paper! Vaillant has called attention (‘Suites 4 Buffon,’ 
** Annelés”’) to this flagrant case of disobedience to the rules of nomenclature. 

2 If the specimen in the British Museum be really Mandane littoralis 
it is different from this species. 

3 The actual proportion of the distances between the sete are as follows :— 
1]. —1r.=4; lr. — 2r.=22; Ir. —d3r.=3; dr. — 4r.=34; 4r, — 41.8. 
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The nephridiopores open in front of the lower seta of the 
dorsal pair ; these orifices were particularly obvious upon the 
clitellar segments. 

The apertures of the atria are upon segments xvii and 
xIx, and correspond to the ventral sete, which are here 
modified and form special penial setze, as in all other species 
of Acanthodrilus; these apertures are surrounded by a 
ridge, and a narrow groove connects the two apertures of 
each side of the body ; this no doubt enables the secretion of 
the atria to mingle with the sperm, which is discharged from 
the orifice of the vasa deferentia upon the eighteenth segment 
within the said groove. 

The oviducal pores were not visible. 

Alimentary Tract.—Dr. Michaelsen mentions that in A. 
georgianus there is a dorsally-placed diverticulum of the gut 
in the fifth segment. Ifthis refers to a diverticulum of the 
pharynx, then I can confirm him, and state also that other 
species of the genus agree with A. georgianus; this diverti- 
culum can be plainly made out from a series of transverse sec- 
tions. In the Oligocheta generally the dorsal wall of the 
pharynx is specially thickened, while in other Annelids, e. g. 
embryo Serpula, the ventral wall is thickened, and forms a 
diverticulum (see Weldon, 41). It does not appear to be novel 
for the dorsal wall of the pharynx to form a diverticulum, as 
is often the case in Acanthodrilus; but in Acolosoma 
tenebrarum (Vejdovsky, 39) the pharynx is furnished with 
two minute diverticula, which probably correspond to the 
unpaired diverticulum of Acanthodrilus georgianus. It 
is interesting to note that the dorsal position of the pharynx 
in the Oligocheta, and of the diverticulum where such is 
present, contrasts with its ventral position in Polycheta. 

A. georgianus does not possess a well-developed gizzard. 
In the fifth segment the muscular walls of the cesophagus 
become thickened, but the chitinous lining of this part of the 
gut is thinner than the external chitin; but the proportion of 
the muscular coat and the lining epithelium (see fig. 38) are 
very much less than in other worms which have a well- 


42.4. FRANK E. BEDDARD. 


developed gizzard. In comparing this gizzard with that of Pon- 
todrilus I do not find a great difference between them. Ona 
dissection of A. georgianus it is impossible to recognise 
the gizzard at all; it is clear, therefore, that in this species the 
gizzard is either disappearing or in course of development, as 
it isin Pontodrilus. Michaelsen makes no remark upon the 
presence or absence of a gizzard in A. georgianus. The 
seven anterior segments are large, occupied by the masses of 
cells which are usually termed salivary glands ; these extend 
back beyond the pharynx and cover the beginning of the ceso- 
phagus. It is necessary to dissect them away before the 
cesophagus can be seen or the septa, which begin to be obvious 
between segments 5, 6. In the tenth segment the ceso- 
phagus alters its character; the lining epithelium no longer 
consists of tall narrow cells, as in the preceding section; the 
cells become smaller and cuboid in shape, and the whole 
epithelium becomes much more folded; at the same time 
a blood-sinus is developed between the epithelium and the 
muscular walls. I imagine that this part of the cesophagus 
represents an undifferentiated condition of the calciferous 
glands; in any case there was no other trace of the calci- 
ferous glands in the three specimens which were dissected or 
cut into sections. In the fifteenth segment the cesophagus 
again alters its character, the blood-space disappears, and the 
lining epithelium acquires a columnar character ; in the six- 
teenth segment the cesophagus abruptly widens and becomes 
the intestine. 

The intestine has just the merest trace of a typhlosole ; this 
is represented by a very inconspicuous fold. 

Vascular System.—tThe dorsal vessel is single, and j is con- 
nected with the supraneural by five transverse vessels occu- 
pying segments 1x—x111. Of these the last four are the 
largest. 

There is no subneural vessel. I have never met with this 
blood-vessel in any species of Acanthodrilus. Some re- 
marks upon its presence or absence in other Earthworms will 
be found on p. 478. 
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In the cesophageal region immediately underlying the vas- 
cular tract of the cesophagus, and extending through two or 
three segments, is a longitudinal trunk, about the presence of 
which in other Earthworms there is some dispute. I have 
recognised it in A. georgianus, both in transverse and lon- 
gitudinal sections. There can be no doubt as to its presence, 
the calibre of the vessel being quite as large as that of the 
supraneural trunk. 

I have described this vessel in A. dissimilis and other New 
Zealand species (1). 

It also occurs in Eudrilus sylvicola (see Beddard, 2) 
and among aquatic Oligocheta, in Bothrioneuron and Lo- 
phocheta (see Stolé, Tab. ii, figs. 5, 6, sb). 

Professor Howes has figured a corresponding vessel in 
Lumbricus in his ‘ Atlas of Biology.’ It is described in the 
‘Practical Biology’ (p. 260) as the “‘subintestinal vessel ; ” 
but some doubt is thrown upon the existence of this vessel 
by Benham (10, p. 253) and by Jackson (27, p. 203, foot- 
note). 

I have failed to find any penetration of the capillaries within 
the epidermis either in this or in any other species of Acan- 
thodrilus, except of course in the clitellum. 

Generative Organs.—The testes and ovaries have been 
described by Michaelsen; they occupy the usual position— 
the testes in X and XI, the ovaries in XIII; these organs 
are attached, as is usually the case, to the anterior septum of 
their segment. The most striking variation from this normal 
position occurs in this genus ; in A. annectens I have already 
(3) recorded the fact that the gonads are attached in the im- 
mediate neighbourhood of the funnels of the generative ducts to 
the posterior wall of the segment. I have taken the opportunity 
of re-examining the position of the gonadsin A. multiporus, 
a species which comes near to A. annectens; I find that while 
the testes have the normal position, i.e. are attached to the 
front wall of their segment, the ovaries are, as in A. an- 
nectens, attached to the hinder wall of the thirteenth 
segment, 
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The vasa deferentia are described by Michaelsen as 
opening on to the exterior on the seventeenth and nine- 
teenth segments, in common with “the large, lobulated 
prostates.” 

I find that in this, as in other species of the genus, the vasa 
deferentia open at the eighteenth segment quite independently 
of the atria, with which they have no connection. A species of 
Acanthodrilus has recently been described (20) from Illinois, 
U.S.A., under the name of Diplocardia communis; one of 
the principal structural characteristics of the species, which led 
the author to infer it to be a distinct genus, is the independent 
opening of the vasa deferentia on to the segment lying between 
those upon which the atria open; but this is no generic dis- 
tinction, neither is the completely double condition of the 
dorsal vessel, which Mr. Garman also uses as a differential 
character, distinguishing Diplocardia from Acantho- 
drilus. The atria of A. georgianus, like those of other 
species, are tubular, not lobate; their minute structure, as well 
as their general anatomy, is precisely that of A. dissimilis and 
other species. 

The sperm-sacs of A. georgianus are very remarkable ; 
there are in the first place a pair of racemose organs attached 
to the front walls of segments x1 and x11; these resemble the 
sperm-sacs of A. dissimilis, &c. (see Beddard, 1, where 
they are, however, spoken of as testes), and were full of 
developing spermatozoa. In the ninth to the fifteenth segments 
inclusive is a median unpaired sac lying under the wsophagus 
and above the supraneural blood-vessel. This sac appears to 
be interrupted at the septa; its walls are very thin and appear 
to be muscular, with a coating of peritoneum (fig. 35). This 
structure recalls the unpaired sperm-sac of the Tubificide and 
other ‘‘ Limicole” by its position and great extent, but I am 
unable to be certain whether it represents such a structure, at 
any rate physiologically, as there were hardly any developing 
spermatozoa within it; the few “sperm-polyplasts” that 
could be observed may have got there accidentally. The de- 
velopment of the sperm-sacs in the Oligocheta is but little 
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known and in but few types. It seems possible, however, that 
the median unpaired sperm-sacs in this and in other Earth- 
worms may represent the sperm-sacs, which are also median 
and unpaired, of many aquatic forms, while the paired sperm- 
sacs which are in A. georgianus quite independent of the 
median sac may be structures unrepresented in those forms. 
The extent of the median sac in A. georgianus through a 
number of segments is quite comparable to what is found, for 
example, in Clitellio. 

The penial setz are illustrated in figs. 15, 16. A remarkable 
fact about them is that there are two kinds; in one kind the 
extremity is ornamented with scallop-shell-like processes ; in 
the other kind the extremity is plain; this is not a difference 
due to age. So far as I was able to ascertain, the ornamented 
sete form one bundle, the plain setz another. 

Septal Sacs (figs. 31, 32).—A very characteristic feature, 
which I have not observed in any other species, and which 
Michaelsen has not mentioned, is the presence of a series of sacs 
attached to thesepta. These are disposed in pairs and have the ap- 
pearance of solid white bodies attached to the anterior septum of 
each segment, and hanging freely in the interior of the segment. 
They commence about the twentieth segment, and the first few 
pairs are commonly larger than the rest ; they occupy all the 
segments lying behind the twentieth. These peculiar bodies 
suggest egg-sacs and sperm-sacs; they are rather larger than 
the former and smaller than the latter. Structurally they are 
merely outgrowths of the septa containing a spacious cavity 
which communicates by an aperture with the cavity of the 
segment in front ; in their structure, therefore, they agree with 
the egg-sacs. The peritoneal epithelium covering these sacs 
was rather better developed than elsewhere upon the septum ; 
these cells when stained with iodine assume a mahogany- brown 
which fades when the tissue is warmed, but reappears on cooling, 
indicating therefore (?) the presence of glycogen. The glycogen 
appears to be formed in the peritoneal cells of the septum 
generally as well as in those which cover the septal sacs. I 
could not find any trace in the muscles of the septum, and so can- 
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not agree with Barfurth (10), who specially proved its existence 
in the muscles of the Earthworm. The folding of the septa 
which results in the formation of these sacs may therefore be 
caused by the need for an increased amount of glycogen-forming 
tissue. Vejdovsky refers to structures in Rhynchelmis (89) 
and Claparede in Lumbricus which may be comparable to 
these septal sacs. 


Some time ago I described in the ‘ Proceedings of the 
Zoological Society’ (1) three species of New Zealand Acan- 
thodrili; this account was afterwards supplemented by the 
description (4) of a fourth species or variety. These speci- 
mens were kindly collected for me in the vicinity of Dunedin 
by Professor T. J. Parker, F.R.S. Since then Mr. W. Smith 
has forwarded to me a large collection of specimens from 
Ashburton ; the majority of these were Acanthodrilus, which 
is apparently the most prevalent genus in New Zealand ; one 
of them was described by me in a recent number of this 
Journal (3), the others seemed on a rapid inspection to belong 
to the three species, A. multiporus, A. nove-zealandie, or 
A.dissimilis. I find, however, that this is not the case, and 
I therefore proceed to describe the Ashburton species as 
Acanthodrilus antarcticus and A. Rose. 


Acanthodrilus antarcticus, n. sp. 


The sete are disposed in four series of pairs, but the two 
setee of each pair are not close together as in A. nove- 
zealandiz. Sete 1 and 2 are closer together than 3 and 4; 
the distance between 2 and 3 is about equal to that between 
3 and 4. | 

The prostomium does not completely divide the first 
segment ; it does in A. nove-zealandiz. The first dorsal 
pore is between segments v and v1; they are not visible upon 
the clitellum. 

The clitellum, which is distinguishable even in the spirit 
specimens by its darker colour, occupies segments x11 to 
XVII. 
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The atrial pores are, as usual, situated upon the seventeenth 
and nineteenth segments on prominent papille corresponding 
in position to the sete 27 and 2/; a longitudinal groove, as in 
other species, connects the two orifices of each side. 

The external characters ally this species rather with 
Acanthodrilus multiporus than with A. nove-zealandize 
or A. dissimilis; the distribution of the setz and the 
characters of the prostomium are much the same; it differs in 
the less extent of the clitellum and in the fact that the papille 
upon which the atrial pores are borne are not so prominent 
as in A. multiporus; the prominent atrial papille are 
specially characteristic of A. multiporus and also of A. 
annectens. 

The internal anatomy of A. antarcticus shows numerous 
points of resemblance to A. multiporus, though there is no 
doubt as to its distinctness. 

Alimentary Tract.—The pharynx occupies the first four 
segments; there is a well-developed gizzard in segments vi and 
vit. In the fourteenth and fifteenth segments the walls of the 
cesophagus become much thickened; this dilated portion of 
the cesophagus probably represents the calciferous glands of 
other Earthworms; in A. multiporus these glands are found 
further back—in the seventeenth segment. 

I have studied the structure of these glands by transverse 
and longitudinal sections, It appears that they really represent 
two pairs of glands such as are found, for example, in A. 
dissimilis, but their apertures into the cesophagus are so 
large that the glands present the appearance of being little 
more than glandular dilatations of the cesophagus itself; in 
transverse sections, however, the epithelium of cesophagus can 
be here and there detected, and it is totally different from the 
epithelium of the glands; the cells are much more elongated, 
and are more deeply stained than the cells of the gland, 
by the reagent used (alum carmine); both the glandular 
cells and the epithelial lining of the esophagus are 
furnished with long cilia—a character which distinguishes 
the calciferous glands of this species from those of A. dissimilis, 
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and from certain glands of other Earthworms (e.g. Urocheta), 
which have been regarded as the homologues of the calciferous 
glands. 

Vascular System.—The dorsal vessel is like that of A. 
multiporus; it is completely double from end to end of the 
body ; for the most part the two vessels are placed close side 
by side, but they do not fuse at the points where they traverse 
the mesenteries ; on the gizzard the two dorsal vessels come to 
be somewhat widely separated. The transverse vessels uniting 
the dorsal with the ventral vessel form large conspicuously 
dilated ‘‘ hearts” in segments x—x1 (inclusive). In all 
these points Acanthodrilus antarcticus agrees closely 
with both A. multiporus and A. annectens. 

Sevta.—The characters of the intersegmental septa appear to 
offer useful specific characters in this genus; in some species 
a certain number of the anterior septa are greatly thickened ; 
the number of septa which are thus enlarged, and the degree in 
which their thickness is increased, differs, for instance, in the 
present species and in A. multiporus. In A. antarcticus 
the septa separating segments VII—VIII, VIII—IX, IX—x, x— 
XI, XI—xII, are specially thickened, particularly the last four. 
In A. multiporus the same septa, with the addition of one 
in front and one behind, are thickened, but not so much as in 
A.antarcticus. 

Genital Organs.—The testes are two pairs of minute 
bodies in segments x and x1; each is attached to the anterior 
septum of its segment close to the junction of the septum with 
the body wall; it is placed exactly opposite to the funnel of the 
vas deferens. 

The ovaries occupy a corresponding position in segment 
xuir; the funnel of the oviduct having a relation to them similar 
to that of the funnel of the vas deferens to the testis. The 
two pairs of atria are situated in the seventeenth and nine- 
teenth segments respectively ; each is a much-coiled glandular 
tube communicating with the exterior by means of a narrower 
tube with thick muscular walls. The structure of these organs 
present, in fact, no differences from other species, 
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Penial sete are present on both the seventeenth and nine- 
teenth segments as in most other species of Acanthodrilus, 
but not in A. multiporus; one of these setz is displayed 
on fig. 17; it is an immature setz, showing the cell out 
of which it has been formed. Close to its base, one on 
each side, are two other cells which would doubtless have 
developed two other setz; these are surrounded by a thick 
muscular coat which forms a continuous investment of the 
setze. I have been unable to procure a fully developed penial 
sete for figuring, —the point was broken off in every case. The 
mature penial setz are of a deeper yellow colour than the 
immature ones. 

The seminal sacs are two pairs attached to the anterior 
wall of segments x1 and x11; they have the racemose character 
which is usually seen in this genus. Besides these there are a 
pair of solid bodies with an oval contour attached to the 
posterior wall of segments 1x and x. A microscopic examina- 
tion of these showed that they are also seminal sacs ; groups of 
developing seminal cells were contained in the spaces of the 
meshwork, formed of fibroid tissue; there were also numerous 
Gregarines, the presence of which is so characteristic of the 
seminal sacs of Harthworms. There are thus four pairs of 
seminal sacs of which the anterior two are outgrowths for- 
wards of the septa, separating segments rx—x and x—x1; the 
posterior two are backwardly directed outgrowths of septa x— 
XI, XI—x11. This arrangement agrees with that of the seminal 
sacs of Allolobophora fetida (Bergh, 12); there appears 
to be no median unpaired sac developed such as is found in 
Lumbricus, Microcheta, and even in certain species of 
Acanthodrilus (e. g. A. Beddardi, Horst, 24). In my 
description of A. Layardi (7) I was doubtful about the nature 
of a pair of bodies attached to the posterior wall of segment x. 
It is now clear that these structures are in all probability 
seminal sacs ; in A. capensis I have called attention to a pair 
of problematical structures attached to the posterior septum of 
segment 1x. I am now inclined to think that these may 
represent the first pair of seminal sacs of A. antarcticus. 
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It is more usual, however, in this genus to find only two 
pairs of seminal sacs developed, those of the eleventh and 
twelfth segments ; and these usually differ from the anterior 
pairs in their racemose character ; but there are some indica- 
tions that the real number of these organs is four pairs, pos- 
sibly in all the species of the genus. The spermathece are 
two pairs situated in segments vir and 1x; each is furnished 
with a number of small diverticula. = 

A. Layardi and A. Beddardi differ from other species 
of the genus, and from all other Earthworms, by the develop- 
ment of special glandular organs connected with the sperma- 
theca. In the former species the ventral sete of the eighth 
segment are replaced by a bundle of long, greatly modified setz 
very much like those of the seventeenth and nineteenth seg- 
ments of that and other species of Acanthodrilus; connected 
with these is a pair of glandular organs (see Beddard, 7) ; in 
A. Beddardi a similar modification of the setz is met with, 
but in the ninth as well as in the eighth segment ; furthermore, 
in this species there is only a single gland appended to each 
bundle of “copulatory sete” (as they are aptly termed by 
Horst). At the time when these structures were described by 
Dr. Horst and myself there was nothing with which they could 
be compared exactly. Since then Dr. Stolé has published an 
important memoir upon certain Tubificide (88), and figures in 
Psammoryctes barbatus a pair of glands and a copulatory 
seta contained in a special sac opening into the duct of the 
spermatheca just at its external orifice. 

This structure appears to me to be quite comparable to the 
structures annexed to the spermathece in the two species of 
Acanthodrilus. We have in this a remarkable point of 
similarity between genera otherwise very widely separated. It 
is well known that in Lumbricus the sete of the segment 
upon which the spermathece open, as well as of other segments 
in the neighbourhood of the genital organs, are somewhat 
modified, but there is not in that genus or in any other such 
a remarkable specialisation of the sete as in the instances 
enumerated above. 
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Acanthodrilus Dalei, n. sp. 


This species is a native of the Falkland Islands, and is 
specially remarkable on account of its being, apparently, an 
aquatic species. I owe the specimens to the kindness of 
Mr. Dale, who informed me that they were found in fresh 
water; along with them were a num ber of specimens of another 
species, which I believe to bé identical with A. georgianus. 
These are the only two species of Earthworms except Allurus, 
which are known to live in water as well as in earth; at any 
rate this is the case with A. georgianus and Allurus, which 
are both terrestrial and aquatic in their habit. This species 
can be at once distinguished from A. georgianus by its 
violet red colour; the integument of the former species was 
invariably decolourised by the alcohol, and appeared therefore of 
a whitish-brown tint due to the enclosed viscera. All the 
specimens studied by me were small, the largest not more than 
one and a half inches in length. 

The setz are paired, the two sete of the pair being quite 
close together and not separated by an interval as they are in 
A. georgianus. 

The prostomium, as in A. nove-zealandiz, &c., com- 
pletely divides the buccal segment. 

The clitellum was not developed. 

The atrial andspermathecal pores are precisely asin other 
species, i.e. upon the border-line of segments va—vitt, vitI—1x 
and upon segments xvii and xvitt. Of the internal characters I 
am not able to give a complete account, but there are not any 
great differences from such a species as A. novee-zealandiz. 

The gizzard is large and well developed, thus contrasting 
with A. georgianus; it occupies segments vi and vit, and the 
septum between these two segments is present. 

The nephridia are a single pair to each segment, opening 
in front of the more dorsally placed pair of setz. 

The dorsal vessel is single. 

The spermathece resemble in every particular those of 
A. Rose (see p. 485); the minute diverticula are borne at the 
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end of a narrow and muscular tube. The identity in shape of the 
spermathecee in these two species led me at first to identity this 
species with A. Rose; but it differs very distinctly in the fact 
that the nephridia do not alternate in position asin A. Rose, but 
open always in front of the dorsal pair of sete. The two species 
also differ in the shape of the penial sete (cf. figs. 14, 19). 

The seminal sacs were present in segments Ix and xt 
only. I imagine, however, that in more fully mature specimens 
there would be two other pairs in segments x and x11; in both 
cases they had a racemose appearance, and were attached to 
the posterior wall of their segment. 

The two pairs of atria were identical with those of other 
species ; the penial sete are illustrated in fig. 14. 


Acanthodrilus Rose,! n. sp. 

While A. antarcticus might easily be confused, on a 
superficial view, with A. multiporus, the present species is 
by no means unlike A. nove-zealandiz or A. dissimilis. 
Indeed the external character of the spirit-preserved specimens 
hardly permit the species to be distinguished from one or other 
of the above named, but the internal characters enable A. Rosz 
to be recognised as a perfectly distinct and well-marked species ; 
there is no possibility of confounding it with either A. nove- 
zealandiz or A. dissimilis. The largest specimen measured 
about eight inches in length, the colour of the spirit-preserved 
specimen is arich brown, darker upon the clitellar segment, 
and paler ventrally. 

The prostomium completely divides the peristomialsegment. 

The sete are paired; the pairs are, at any rate in the posterior 
region of the body, equidistant; this region of the body is quad- 
rangular in section, the setze occupying the four angles. 

The clitellum occupies segments x1v—x1x (inclusive) as in 
A. nove-zealandie. 

The position of the atrial pores calls for no special remark 
as they are identical in position and appearance with those of 
A. nove-zealandiz. 

With regard to the internal anatomy there are two principal 

1 Named after Dr. D. Rosa of the “ Museo Zoologico,” Turin. 
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points of difference from A. nove-zealandie; firstly, the 
entire absence of specially thickened septa. I have dissected a 
tolerably large specimen and compared it with a specimen of 
A. nove-zealandiz of about the same size; there was a 
very marked discrepancy in the relative thickness of some 
of the anterior septa; and this difference could not possibly 
be accounted for by the unequal size of the two individuals. 
The second anatomical différence between A. Rose and A. 
nove-zealandiz is in the form of the spermathece ; fig. 26, 
illustrates the four spermathecze, which, as is so common among 
Earthworms, have the most varied relations to the septa of the 
segments containing them, though the situation of the external 
aperture does not vary at all. Each spermatheca consists of a 
large pouch with relating thin walls; this communicates with 
the exterior by a short thick-walled muscular duct; this duct 
gives rise to a diverticulum which terminates in an enlarged cecal 
extremity, the surface of which is furrowed. The difference 
between the spemathece of this species and those of A. nove- 
zealandiz is that in the latter the diverticula are sessile (cf. 
figs. 24, 25). 

The Spermathece of Earthworms.—I believe that I 
was the first to direct attention to the fact that the diverticula 
of the spermathece in Acanthodrilus probably play a 
different part in the economy of the creature to the spermathecz 
themselves. In Acanthodrilus multiporus, in A. nove- 
zealandiz, and in A. dissimilis the spermathecal diver- 
ticula were always found—in the sexually mature individuals— 
to be crammed with spermatozoa ; while no spermatozoa could 
be discovered in the pouch itself.!| Dr. Horst had remarked 
before that in Pericheta sumatrana the diverticula of the 
spermathece were filled with an orange-coloured substance 
which appeared on microscopical investigation to be a mass of 
spermatozoa. He has more recently (25) found the same 
thing in Acanthodrilus Beddardi. I have found myself 
that in Pericheta Houlleti and in P. intermedia the 


* Dr. Rosa, however, in Acanthodrilus scioanus particularly states 
that spermatozoa occurred in the pouch as well as in the diverticulum. 
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diverticula alone contain spermatozoa, while Spencer (87, p. 35), 
has stated that in Megascolides australis “ the sperma- 
zoa . . . . were confined to the diverticulum.” Acan- 
thodrilus Rose conforms to the same rule, which there is 
now some reason for regarding as of general application. It 
seems probable, therefore, that the diverticula, which are so 
usually met with in exotic Harthworms, do not merely serve 
the purpose of increasing the area for the storage of sperma- 
tozoa received from another worm during copulation. 

In all these instances observed by myself the spermathecz 
themselves contained a granular coagulum, which appears to be 
a product of the glandular epithelium lining the pouch; in 
Megascolides australis the spermatheca, according to 
Spencer (35), is filled with “a fluid containing granules and 
masses of nucleate corpuscles.”' Corresponding to the widely 
different part taken by the spermatheca and diverticula in the 
phenomena of reproduction, there appears to be generally 
some difference in minute structure. I have already pointed 
out this in Acanthodrilus dissimilis (1). Horst (24) and 
Spencer (37) have done the same in A. ungulatus and in 
Megascolides australis respectively. In Acanthodrilus 
georgianus the difference in the minute structure of the 
spermatheca and of its diverticula is not only apparent in the 
sexually mature worm, but also in immature specimens in 
which the spermathece are but little developed. Fig. 27 
represents a transverse section through the spermatheca and 
through the diverticulum of a small unripe individual. Both 
spermatheca and diverticulum are enveloped in a moderately 
thick coat of nucleated tissue, derived in all probability, as Bergh 
(18) has pointed out in the case of Lumbricus, from the peri- 
toneum, and destined to form not only the peritoneal sheath 
but the muscular tissue of the spermatheca; there does not 
appear to bein Acanthodrilus any more than in Lumbricus 


1 Goehlich has recently stated (28) that in Lumbricus in the cold 
season the spermathece contain numerous “ blood-corpuscles,” the function 
of which is to devour the spermatozoa that have been left over after the 
processes of fertilization have ended. 
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an invagination of the muscular layers of the body wall to 
form the muscular coats of the spermatheca. The spermatheca 
itself (fig. 276), is lined with tall narrow epithelial cells, the 
nuclei of which are placed near the base of the cells; the 
diverticulum (fig. 27 @) is lined with an epithelium the cells of 
which are more quadrangular in shape and totally different in 
general appearance from the cells lining the pouch. In the 
sexually mature worm the character of the epithelium of the 
diverticulum alters; the cells become loaded with spherical 
refracting non-staining granules, and the nucleus, conspicuous 
through its deep staining, but deformed, is pressed close against 
the base of the cells; the epithelium at the same time becomes 
much folded so that the cavity of the diverticulum presents the 
appearance of subdivision into a series of chambers. While 
these remarkable changes have taken place in the diverticulum 
(fig. 28), the epithelium of the spermatheca is but little altered 
in character though it becomes somewhat folded. 

In Acanthodrilus Rose the structure of the spermathece 
is quite the same as in A. dissimilis; in both these worms 
the epithelium of the diverticulum does not appear to be— 
originally—so different from that of the pouch, though it 
comes ultimately to present a strikingly different appearance. 
The pouch itself is lined with tall columnar cells; in the 
interior of these are formed spherical masses of secreted 
granules which seem to closely resemble similar products 
described by Goehlich (28) in the spermathece of Lum- 
bricus; the epithelium lining the pouch is slightly folded. 
The diverticulum of A. Rose is, as I have already stated, 
composed of a relatively long tube with muscular walls which 
terminate in a swollen somewhat lobate cecal extremity 
(fig. 24) ; this latter has a structure quite like that of the 
diverticulum of A. dissimilis and of Neodrilus (see Bed- 
dard, 4). The epithelium is much folded so as to divide the 
cavity of the diverticulum ; in places the columnar character 
of the cells can be recognised, but for the most part they 
are not clearly recognisable for the reason that they have 
become largely converted into balls of a viscous-looking sub- 
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stance which does not stain. So far as I have been able to 
follow the formation of these colloid-looking masses, I am 
inclined to think that they are the product of a fusion 
between smaller droplets which appear in the interior of the 
cells. Fig. 29 illustrates the general aspect of a section through 
the diverticulum with the larger and smaller drops of secre- 
tion, and the remains of the columnar cells which are more 
perfect in parts. The secretion when formed does not seem 
to be evacuated into the interior of the numerous czecal pouches 
which constitute the extremity of the diverticulum, as it is in 
the spermatheca itself, but to remain where it was formed. In 
nearly all the viscous drops (figs. 29d, 30d) were embedded 
bundles of spermatozoa which were always very distinct in 
my preparations owing to the fact that they were deeply 
stained by the colouring reagents used (alum carmine and 
borax carmine). A superficial examination of such a section 
almost conveyed the idea that the spermatozoa were developed 
in the diverticulum, so close is their relation to the epithe- 
lium; there can be little doubt, however, that the function of 
these masses formed by the breaking down of the epithelium 
is to retain the spermatozoa within the pouch until ready for 
transference to another individual. The spermatopores of 
Acanthodrilus are not known, and we have no information 
whatever with regard to the processes of fecundation in that 
genus. It seems likely on a priori grounds that they will 
prove to be different from those of Lumbricus, owing to the 
far greater complication of glandular appendages connected 
with the reproductive ducts. 

In Pericheta intermedia, P. aspergillum, and P. 
Houlleti the diverticula are of a different structure from the 
spermatheca; in all these cases the epithelium lining the 
diverticulum is formed of low quadrangular cells staining 
deeply ; the epithelium of the pouch on the other hand is 
formed of tall columnar cells of which the nuclei only are 
stained. These facts would appear to indicate that the cells 
lining the diverticula are uot of a glandular nature. It is 
worth remarking that the structure of the diverticula in these 
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Pericheta is like that of the immature Acanthodrilus 
georgianus; the resemblance is not due to a corresponding 
immaturity of condition, for the diverticula were in every case 
crammed with spermatozoa, which, however, only occupied the 
cavity of the diverticulum, and had no relation whatever with 
its epithelium. 

It seems to be clear from the foregoing description that the 
diverticula not only perform a different function 
from the spermathece, but that the diverticula of 
some species (e.g. Pericheta) differ from those of 
other species (e.g. Acanthodrilus). Now, the presence 
of diverticula is so very general among Earthworms that they 
are probably to be looked upon as very ancient organs!; their 
great diversity of form and structure is also an argument 
leading to the same conclusion. It has been suggested by 
myself (9) and by Hisig (17) that the diverticulum is the 
remnant of the glandular part of the nephridium, out of part 
of which the spermatheca has been developed. This sugges- 
tion does not commend itself to me now, for the reason that in 
no species of Pericheta, or any other worm in which the 
vephridial system is in an archaic condition, is there any clue 
to the origin of the diverticula. If it be ultimately proved 
that the nephridial system of Pericheta, Megascolides, 
&c., is not archaic but greatly modified, then the above sug- 
gestion will have to be reconsidered. 

The nature of the spermathecal diverticula can hardly be 
considered apart from the spermathece themselves with which 
they are so intimately connected. I am not certain, however, 
that from the developmental point of view the term “ diver- 
ticulum” is not a misnomer. In the immature spermathece 
of Acanthodrilus georgianus, to which reference has 
already been made, the connection of the diverticulum with 
the spermatheca is by an extremely fine cord of cells in which 
no lumen could be detected; the relative perfection of the 
distal part of the diverticulum as compared with the proximal 

1 There are very few genera in which they are absent; Lumbricus 
Allolobophora, Hormogaster, are principal ones. 
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seems to suggest that the former is developed first. The matter, 
however, requires renewed study, especially since Bergh (18) 
has pointed out thatin Lumbricus the relations of the sperma- 
theca to the epidermis are very similar, though there can be no 
doubt that the spermatheca is an invagination of the epidermis. 

In many hermaphrodite animals in which there is reciprocal 
fertilization, there are pouches connected with the oviduct or 
in its immediate neighbourhood which receive the sperm 
from another individual; this occurs, for example, among 
Mollusca and Planarians. In one genus of Earthworms, viz. 
Eudrilus (see p. 450), the spermathece open in common with 
the oviducts; it may be regarded as absolutely certain that 
the large pouches in this genus are really spermathece, since 
they contain spermatozoa ; and no one has been able to discover 
any spermathece in those other segments of the body where 
they might be expected to occur. As fully mature examples of 
Eudrilus have been studied by several observers, it does not 
seem likely that such spermathece exist. An arrangement of 
this kind might perhaps have been inherited from the Plana- 
rian form from which the Oligocheta have been derived. 

The question next to be considered is, how far do the sper- 
mathece of EKudrilus correspond to the spermathece of other 
Oligochzeta which have no such connection with the oviduct ? 
It seems perfectly clear that they do correspond to the sper- 
matheca in Teleudrilus, as I point out later in this paper. 

Perhaps also the spermatheca of such genera as Lumbri- 
culus which occupy the same segments as the oviducts may 
have the same history. But this hypothesis hardly seems to fit 
in with the structure of Acanthodrilus, where the sperma- 
thece are in segments vil and rx, and the aperture of the 
oviducts in segment xiv, and of the majority of Harthworms, 
where the spermathece and oviducts are separated by an 
equally wide interval. 

In Acanthodrilus Rose, as already mentioned, the diver- 
ticulum consists of a number of small pouches bound up in a 
common sheath and connected by a thick-walled muscular duct 
with the spermathece just at the point of opening. This duct 
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is lined with a tall columnar ciliated epithelium. 
The ciliated cells showed the usual refracting band just below 
the cilia. The cells did not seem to be all ciliated. There 
were ciliated tracts here and there. As far as I am aware, 
cilia have never been shown to exist in any part of the 
spermathece of Oligocheta. The statement of Buchholtz 
that the glandular appendices of the Enchytreide are ciliated 
is believed by Vejdovsky (39) to be a mistake, spermatozoa 
having been taken for cilia. The ciliation of this portion of 
the spermathecz is so far favorable to the supposition that 
the diverticula are mesoblastic structures, that it is only meso- 
blastic and hypoblastic structures in Harthworms which show 
any ciliation. It may be that the ciliated canal is the rudi- 
ment of an oviduct, and the structure of Eudrilus and 
Teleudrilus are favorable to this view. It must be admitted, 
however, that a good many more facts must be discovered 
before this view can be regarded as in any way established. 


On the Classification of the Species of 
Acanthodrilus. 


We are at present acquainted with twenty species of 
Acauthodrilus,! which show a considerable amount of 
specific variation. The principal points in which the species 
differ are—(1) Number of segments occupied by clitellum ; 
(2) arrangement of setz; (3) characters of excretory system ; 
(4) paired or single dorsal vessel; (5) number and characters 
of the spermathecal appendices. There are also several minor 
differences, such as the form of the buccal lobe, the presence 
of one or two gizzards, the alternation in position of the 
nephridial apertures where there are only one pair per segment, 
the ornamentation of the penial setz, &c. 

These characters render it possible to arrange the species in 
several groups, to which, however, I do not thing it advisable 
to give generic names. 


1 Excluding Benham’s Trigaster Lankesteri, which Horst thinks 
should be referred to the genus Acanthodrilus. It is, in my opinion, not, 
yet necessary to make this change. 


4432, FRANK E. BEDDARD. 


Affinities of Genus Acanthodrilus.—I have attempted 
to show elsewhere that in one very important structural 
character—the nephridial system—the family Perichetide 
represent most nearly the ancestral Oligochet. The reproduc- 
tive organs of Perichzta are not, in my opinion, so near to 
the ancestral condition as those of Eudrilus and Teleu- 
drilus, but still they are nearer to it than those of such 
genera as Lumbricus and quite as near as those of any other 
genus at present known. As to other structural peculiarities, 
the most that can be said is that there is no reason against 
regarding Pericheta as an ancestral form. The only fact 
which it appears to me can be urged against this statement 
is the continuous circle of seta; it is perhaps usual to regard 
the paired arrangement as primitive, and the continuous circle 
of seta as derived from this; I am, however, inclined to think 
that the converse is true, and that the continuous circle 
of sete round each segment is the primitive arrange- 
ment, the paired condition secondary. 

Now, the genus Pericheta is clearly connected with 
Acanthodrilus through P. Stuartiand Deinodrilus. In 
P. Stuarti (Bourne, 14) the Perichztous organisation is 
retained, but there are two pairs of tubular atria as in 
Acanthodrilus. I have shown that Deinodrilus agrees 
with many species of Pericheta in the clitellum; it has two 
pairs of tubular atria; the sete are twelve in number in each 
segment, and are arranged in twelve longitudinal rows; their 
arrangement is in fact intermediate between that of Peri- 
cheta and that of Acanthodrilus. The nephridia of 
Deinodrilus can be explained on the hypothesis that they 
have been derived from those of Pericheta. 

Affinities of the different Species of Acanthodrilus. 

The above facts are, at least, reconcilable with the 
hypothesis that the eight sete per segment of Acantho- 
drilus have been derived by the reduction of a primitively 
greater number. Now, in most of the species of Acantho- 
drilus which have a diffuse nephridial system, the individual 
sete are, more or less, widely separated and not strictly 
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paired,! and, at the same time, the buccal lobe does not divide 
the first segment, and there are dorsal pores present. In all 
these characters the species in question agree with Deino- 
drilus. I should regard these species, therefore, which are 
placed on the left side of the accompanying figure, as repre- 
senting the least modified species. A. multiporus belongs 
to this group, but is indicated in the figure as slightly 
degenerate, owing to the fact that it has lost the penial sete. 
On the right side isa branch which represents A. annectens; 
higher up, and also on the right-hand side, are a number of 
species which are rather more modified than A. annectens. 
All these, however, agree in that the nephridial system is 
reduced to a single pair in each segment. In A. annectens, 
the anterior “salivary glands” resemble those of A. multi- 
porus, and for this reason the species is placed nearer to the 
primitive stock. In all these forms the procephalic lobe does 
not divide the buccal segment. It seems to me that, from the 
nature of the procephalic lobe, the condition which characterises 
many (? all) species of Pericheta, Deinodrilus, and those 
species of Acanthodrilus which have been as yet referred to 
is the primitive one; the setz are, for the most part, separated, 
but in A. capensis they begin to be approximated, and this 
appears to be completed in A. communis. 

The remaining species I regard as the most modified ; the 
buccal lobe completely divides the buccal segment, and the 
sete are strictly paired. 

This scheme of classification of the species of Acantho- 
drilus is, of course, only tentative; the main point, how- 
ever, which I wish to bring out is, that those species 
which come nearest to Deinodrilus (i.e. which possess 
diffuse nephridia, dorsal pores, buccal lobe not dividing buccal 
segment) have scattered sete, and present, therefore, 
a stage in the evolution of strictly paired sete from 
a continuous ring. It seems to me, in fact, that, as I 
pointed out nearly five years ago, the question of the origin 


1 Tam not clear about A. scioanus. Rosa (85) does not mention the 
nephridia, but states of the sete that they are closely paired. 
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of the setz in Oligocheta is bound up with that of the origin 
of the nephridia, though the connection between the two 
structures is not quite so close as I then thought it was. 

The connection between the three genera, Pericheta, 
Deinodrilus, and Acanthodrilus is so completely gra- 
duated that it seems impossible to avoid the conclusion that 
they represent a series of stages in the evolution of this group 
of Earthworms; and if the order of the series is as I 
have stated there is no doubt that the continuous 
sete are primitive and the paired sete secondary. 
The only alternative supposition is that Acanthodrilus is 
the more primitive form and Pericheta the last term in the 
series.! 

This position is held by Rosa (36), who bases his views upon 
certain facts in the anatomy of Acanthodrilus which seem 
to be really primitive; these are (1) the double dorsal vessel 
found in certain species, i.e. A. multiporus, (2) the presence 
in A. dissimilis of two pairs of ovaries, (3) the independence 
of the two pairs of vasa deferentia and their opening by as 
many distinct apertures, (4) the character of the nephridia of 
A. multiporus. 

The last character I need not discuss again, as I have 
already argued that Acanthodrilus, although showing affi- 
nities to the primitive form, does not come so near it as does 
Pericheta. 

With regard to No. 3, Rosa’s facts are (through no fault of 
his own) incorrect; and in any case the male reproductive 
organs of Acanthodrilus resemble those of Deinodrilus 
and Pericheta Stuarti. I have already in this paper (p. 442) 
expressed the opinion that none of these types are so near to 
the primitive condition as Eudrilus. 

(2) The presence of two pairs of ovaries is not charac- 
teristic of A. dissimilis, and it occurs occasionally in 
Lumbricus and Perionyx, and always (?) in Eudrilus. 


1 My position is of course not seriously affected by regarding Deinodrilus 
as the form from which both Acanthodrilus and Pericheta have been 
derived. 
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The occasional presence of two pairs of receptacula ovorum in 
certain species of Pericheta may be regarded as a “ set off.” 

(1) The double dorsal- vessel is found in six out of the twenty 
known species of the genus; but it also occurs in Deino- 
drilus, in Microcheta, and in Megascolex ceruleus; 
it is therefore characteristic of at least the two former genera. 
I am not inclined to regard this character as one of great 
importance from a classificatory point of view, since two forms 
so nearly allied as Acanthodrilus dissimilis and A. nove- 
zealandie differ in this very particular, and, moreover, do 
not always differ (I have not found a double dorsal vessel in 
all examples of A. nove-zealandiz). The retention of the 
double dorsal vessel is certainly an embryonic character, com- 
parable to the partial persistence of the left aortic arch in 
many birds of quite different groups (Raptoressome Stru- 
thiones). If it were confined to one group it might be 
regarded as an important classificatory character in birds and 
worms. 


II. Further Observations upon the Reproductive Organs of Eu- 
drilus, with special reference to the continuity between the 
Ovaries and their Ducts. 


The investigations of Perrier (33), Horst (26), and myself 
(2), have shown that the reproductive organs of Eudrilus 
present certain remarkable differences from those of all other 
Earthworms, excepting the genus Teleudrilus recently de- 
scribed by Rosa (388). 

In the male generative system the testes and sperm- 
sacs appear to be quite normal, that is to say, they differ 
in no important particular from those of other genera of 
Karthworms. The efferent ducts and the copulatory apparatus 
are, however, in many respects peculiar to the genus, being 
only paralleled in Teleudrilus. 

In the first place, the two vasa deferentia of each side are 
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quite independent up to their point of opening into the 
atrium. The atrium is double, but the two halves are enclosed 
in a common muscular sheath, and present no external evidence 
of their separation; distally the cavities of the two atria join 
to form a common duct, with thick muscular walls and lining 
of non-glandular epithelium. This duct passes into a penis, 
which is a projection of the body wall lodged in a pouch-like 
depression of the integument; acushion-like thickening of the 
walls of this latter (“bursa copulatrix,” Perrier) bears the 
orifice of a pair of short cecal tubes, dilated at the cecal 
extremity ; these are lined with a cubical epithelium and have 
thick muscular walls. Sometimes the free extremities of the 
two tubes unite, and they then form a single horseshoe-shaped 
tube. 

I have elsewhere pointed out that the atrium, into which the 
vasa deferentia open, is probably equivalent to the “ prostates ” 
of other Earthworms, its resemblance in minute structure to 
the prostate of Acanthodrilus being very ciose; and the 
bursa copulatrix is not represented in any other Earthworm, 
but would seem to be equivalent to the penis sheath of the 
Tubificide ; the penis itself in Eudrilus appears to be fixed 
to the body wall within the bursa copulatrix, and not to be in- 
or evaginable; its protruded condition, which, so far as my 
experience goes, is invariable, may, however, be possibly due to 
contraction, caused by the killing fluid. The “ y-shaped 
appendage,” which opens on to a sensitive (?) pad near to the 
penis, has puzzled M. Perrier as well as myself. The cha- 
racter of its epithelium seems to negative the possibility of its 
being a gland. The only structure with which I can compare 
it is to the sacs of penial sete which occur in so many Earth- 
worms. I find that the dorsal pairs of setee upon the segment 
bearing the male generative pores are absent, the position of 
the pores being a little behind that which would normally be 
occupied by the sete. The structure of the sac is certainly 
rather different from that which encloses the penial sete in 
other Earthworms ; but Stolé has figured (38, pl. iii, figs. 15, 
16), attached to the spermathece of Psammoryctes bar- 
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batus, a sac containing ‘ copulatory ” seta, which has equally 
thick, many-layered, muscular walls. 

In Teleudrilus (Rosa, 35) the male genital pore is median 
and unpaired. The bursa copulatrix forms a large sac with 
very thick muscular walls and narrow lumen; this is continued 
into another very thick-walled sac, which Rosa terms “ bulbo 
propulsore,’’ and suggests as the equivalent of the ‘‘Y-shaped 
appendages” of Hudrilus; at the junction of this with the 
bursa open the prostates, whose structure appears to be identical 
with the corresponding organs in Eudrilus. 

Apart from the median unpaired aperture, which is found in no 
other Oligochet except Bothrioneuron (Stolé, 38), there is, 
as Rosa has pointed out, a general correspondence between the 
efferent and copulatory apparatus of Teleudrilus and of 
Eudrilus. The immense thickening of the walls of the 
bursa have, so to speak, obliterated the distinction between the 
bursa and the penis, which has therefore disappeared in 
Teleudrilus. The result is that the copulatory organs of 
Teleudrilus resemble more closely those of such forms as 
Pericheta. 

The female organs of Eudrilus are chiefly remarkable 
on account of the continuity of the ovary and oviduct, 
and the communication between the oviduct and the sperma- 
theca. Teleudrilus is, again, somewhat intermediate in 
these particulars between Eudrilus and other Karthworms. 
The discovery of this genus, as Rosa points out, renders less 
necessary the separation of Eudrilus into a distinct group. 
At the same time I do not think that Dr. Rosa lays sufficient 
stress upon some of the peculiarities in the organisation of 
these two types; and I cannot agree with the way in which he 
interprets some of the structural features of Eudrilus. 

The differences in structure between the female reproductive 
organs of Teleudrilus and Eudrilus are in reality somewhat 
greater than would appear from a comparison of Dr. Rosa’s 
paper with my own. 

In my paper I described and figured a pair of problematic 
bodies in the thirteenth segment, which are contained in a 
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thin-walled muscular sac prolonged into a duct. I was unable 
at that time to find the opening of this duct or to determine 
definitely the nature of the bodies attached to the wall of the 
thirteenth segment ; I suggested, however, that they might be 
ovaries because of their position; as they consisted of small 
round indifferent cells not distinctive in appearance, but not un- 
like those of the immature gonad, this suggestion was naturally 
the only one that occurred tome. This supposition was greatly 
strengthened by Rosa’s discovery of a pair of similar structures 
in Teleudrilus, which are placed in an identical situation, 
and contain numerous mature or nearly mature ova. Since 
making myself acquainted with Dr. Rosa’s paper I have 
examined some fresh material, and have found that the bodies 
situated in the thirteenth segment in Hudrilus con- 
tain ripe ova, and are therefore evidently ovaries 
corresponding to those of Teleudrilus. These bodies in 
Teleudrilus are contained in a sac, which is continued into 
a narrow tube, which communicates with the receptaculum 
ovorum in the fourteenth segment. The wall of the sac and of 
its narrow prolongation is extremely delicate, but in the 
narrow tube the cells lining the lumen are aggregated here and 
there into heaps. All these facts appear to point to the con- 
clusion that the sac and tube which connects it with the recep- 
taculum ovorum are merely specialised portions of the celom, 
in fact a prolongation forward of the receptaculum ovorum 
which has involved the ovary. Dr. Rosa does not figure the 
details of the structure of this sac and its duct, but I should 
imagine that the aggregation of cells in the latter are similar 
to the aggregations of peritoneal cells which occur in. other 
parts of the celom (for example, in the “ pericardium” of 
Deinodrilus (8) and Megascolides (87%) ), 

Now, the sac which involves the ovary of the thirteenth 
segment in Eudrilus clearly corresponds to the sac involving 
the ovary of Teleudrilus. In Teleudrilus this-sac, as 
Rosa points out and figures, contains a portion of a nephri- 
dium. I have not found this to be the case with Eudrilus, 
but this difference does not, of course, invalidate the compari- 
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son. Rosa suggests that the duct leading from the sac also 
corresponds, and that it will be found to open in Eudrilus, as 
it does in Teleudrilus, into the receptaculum ovorum. It 
must be admitted that this suggestion, based upon the very im- 
perfect description which I was able to give of this part of 
the reproductive system, is not unreasonable. 

I am, however, now able to state that the duct in question 
has no relations with the receptaculum of segment x1v, but 
opens into the spermatheca just opposite to the 
opening of the oviduct of segment xiv, and is lined 
throughout with a cubical epithelium, quite continu- 
ous with that which forms the inner layer of the 
spermathecal duct. 

I now pass to the consideration of the organ in the fourteenth 
segment which I have termed “ ovary,” but which Rosa con- 
siders to be nothing more than a receptaculum ovorum homo- 
logous with that of other Earthworms. 

Rosa found that the oviducts of Teleudrilus open sepa- 
rately from the spermatheca on a line with the dorsal pair of 
sete ; the spermathece open into an atrium, which itself opens 
on to the median ventral line of the body; the oviducts, how- 
ever, agree with those of Eudrilus in having a thick muscular 
layer and in their continuity with the receptaculum ; it appears, 
however, from the figure which Rosa gives (388, pl. ix, fig. 5) that 
the oviduct opens by a funnel into the ccelomic sac which con- 
nects the ovary and the receptaculum, and only just enters the 
Jatter; its relations to the receptaculum are, in fact, much like 
those of Lumbricus, except that the greater part of the funnel, 
which in Lumbricus depends freely into the interior of seg- 
ment xu, is here enclosed by the forward extension of the 
receptaculum. This receptaculum has its cavity subdivided 
by numerous trabeculz, a condition which is also met with in 
the receptacula of other Earthworms. The contents of the 
receptaculum consisted of mature ova and numerous smaller 
cells probably serving for their nutrition. Rosa suggests that 
this may also be the case with Eudrilus, that the “ developing 
ova” described by myself in that worm might be merely such 
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cells. Dr. Rosa has not, however, quoted my paper in the 
‘Journal of Anatomy’ (6), which deals with the minute 
structure of the ovary of Eudrilus. I have there figured 
structures which seem to me to be only possible of interpreta- 
tion on the view that they are developing ova. If, then, the 
“ovary” of the fourteenth segment of Eudrilus be nothing 
more than a receptaculum, it is anomalous by reason of the 
fact that the ova may undergo there their whole course of de- 
velopment. Nothing of the kind has ever, to my knowledge, 
been described in any other Earthworm; indeed, Teleudrilus 
is the only instance of an Earthworm known to me! in which 
the receptaculum contains anything more than mature, or very 
nearly mature, ova. It is true that Goehlich has recently de- 
scribed bodies in the receptaculum of Lumbricus which bear 
a certain resemblance to germ-cells ; but he is inclined to doubt 
their identity with such. Nevertheless, an analogy with the 
male organs might be regarded as an argument on Rosa’s 
side. 

The passage of the ova from the gonad into the recep- 
taculum in Teleudrilus is of course rendered possible by 
the coelomic sac which connects the two, though why they 
should not be drawn in passing into the open mouth of the 
oviduct is not easy to understand ; in other Earthworms, such 
as, for example, Lumbricus, it is very difficult to see why the 
ova should get into the receptaculum instead of all finding 
their way to the exterior through the oviduct. In Eudrilus 
it is still more difficult to understand how this is carried out, 
if the organ of the fourteenth segment, which I regard as 
the ovary, be really a receptaculum to which the developing 
germ-cells are transferred. In the first place, as I have already 
pointed out, mature and immature ova are found in both the 
ovary and the supposed receptaculum ; but, leaving this aside 
for the present, it does not seem possible that the ova could 
be conveyed directly, as they must be in Lumbricus, from 
the ovary which is enclosed in a muscular sac to the recep- 

1 Except in the Pericheta described for the first time in the present 
paper (p. 471). 
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taculum which appears to have no celomic aperture. On the 
other hand, it seems improbable that the ova from the ovary of 
segment x111 pass down into the spermathecal duct, and then 
pass up the oviduct into the supposed receptaculum. I am 
not able to state positively whether there are cilia in the ovi- 
duct of seginent x111, though I believe that there are not; but 
the spermathecal duct is certainly without cilia, as is also the 
distal half of the oviduct of segment xiv. The proximal half 
of this oviduct is abundantly furnished with long cilia; but, if 
the movement of the cilia is such as to further the exit of ova 
from the ovary of the fourteenth segment, they would prevent 
the entrance of ova into the same organ; but even supposing 
that the cilia by occasional cessation of their movement offered 
but little obstacle to the entrance of ova into the ovary of seg- 
ment xiv, the passage of ova from the ovary of segment x111 
into this would necessitate very complicated changes in the 
direction of the peristaltic action of the various parts of the 
female reproductive system. 

But the force of any arguments that might be used to 
explain the passage of ova from the ovary of segment x111 to 
the supposed receptaculum of segment xiv, is greatly weakened 
by the fact that ova in all stages of growth occur in 
both these organs. 

Another difficulty in the way of supposing that the cellular 
mass with developing ova in segment xiv is really an ovary is 
its position. 

The ovaries of segment x11I correspond exactly in position 
with the testes, but not to the problematical organ in the 
fourteenth segment. The difference, however, even when 
most accentuated, is not a great one, and I should not have 
referred to it had it not been mentioned by Rosa; moreover, 
in some specimens the organ of the fourteenth segment 
appeared to correspond to that of the testes and ovaries. It 
must be remembered that (1) the ovary of segment xiv becomes 
very closely attached to the spermatheca, and (2) that the 
septum separating segments 13 and 14 is, in the region of the 
genital organs, largely deficient; the growth of the sperma- 
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theca might therefore easily have shifted the ovary from its 
original position. 

I am inclined therefore to adhere to my original opinion 
that the mass of cells containing developing ova which is 
attached to the anterior wall of segment xiv is really an 
ovary; but I agree so far with Dr. Rosa—and indeed I 
have already put forward this view—that the walls which 
enclose the ova, and from which partitions grow inwards 
subdividing its cavity, are very probably to be regarded as the 
receptaculum ovorum. ‘The receptaculum ovorum has here 
grown round the ovary just as the sperm-sacs frequently 
enclose the testis. 

Returning now to the oviduct which is connected with the 
ovary of the thirteenth segment and which also communicates 
with the duct of the spermatheca, is this structure homologous 
with the tube which in Teleudrilus connects the ovary with 
the receptaculum ? The homology cannot be a complete one, 
so far as can be determined from the minute structure and 
relation of the parts in question. The said tube in Teleu- 
drilus is a celomic sac, perhaps produced by a growth from 
the receptaculum ovorum of segment xiv, perhaps an indepen- 
dent outgrowth of the wall of segment x111 which has become 
fused with the former. The tube in Eudrilus is probably a 
compound structure. The part which immediately surrounds 
the ovary is no doubt to be looked upon as a ccelomic sac 
corresponding to that of Teleudrilus. This sac passes 
without any break into a tube with a lining of cubical 
epithelium opening into the spermatheca. I am inclined to 
think therefore that this tube may be also celomic in origin, 
but the aperture into the spermatheca may be formed by an 
outgrowth of the epidermal involution (?) out of which the 
latter has been formed. 

This is, of course, merely a supposition, and the matter can- 
not be decided until the development of this very interesting 
Oligochet has been worked out. 

The oviduct of the thirteenth segment differs in certain 
important particulars from the oviducts of segment xiv. In 
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the first place it is a straight tube; secondly, it is completely 
continuous with the sac investing the ovary; there is no con- 
spicuous break in the epithelium to mark the position of what 
might be regarded as the funnel; thirdly, the epithelium lining 
the oviduct is formed of inconspicuous cubical cells which are 
not ciliated. The oviducts of segment xiv, on the other hand, 
form a pair of much-coiled tubes, which are not so completely 
continuous with the perigonadial sac; the columnar ciliated 
cells lining the oviduct end abruptly in its interior and thus 
form a distinct funnel. 

The structural differences between the two pairs of oviducts 
which have thus been briefly enumerated appear to be perfectly 
constant. I have suggested in an earlier paper (2) that these 
differences may be due to the immature condition of the oviducts 
and the perigonadial sac of segment x11. Since I have disco- 
vered mature ova in the ovaries of segment x111 ] am no longer 
disposed to believe that this is the case, but I now think that the 
differences described above are real differences. They appear 
to indicate a commencing disappearance in the oviduct of seg- 
ment x11. In Teleudrilus this pair of oviducts has com- 
pletely vanished, and only the ovarian sacs remain ; these have 
come to be connected with the ovarian sacs of segment xiv. This 
connection may perhaps account for the disappearance of the 
ovaries of the fourteenth segment, if they are really not 
represented in Teleudrilus; but Rosa’s figures do not seem 
to me perfectly satisfactory upon this point. In most Harth- 
worms all trace of the perigonadial sinus round the ovary has 
vanished, but in Lumbricus—as Rosa points out, quoting 
Hering—the ovary is prolonged into a delicate tube which may 
be a last remnant of this perigonadial sac. The receptaculum 
ovorum in these Earthworms often retains a partial connection 
with the oviduct in such forms as Acanthodrilus georgi- 
anus and A. scioanus (Rosa, 35) this connection is lost, 
and in many Earthworms the receptaculum itself is no longer 
to be found. 

This series of changes in the female reproductive organs in 
a number of types is not, of course, meant to express my views 
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on the evolution of the genera of Earthworms. I merely give 
instances which occur to me as representing a number of 
stages; these may evidently from their nature have taken 
place simultaneously along a number of different lines of 
descent ; they are not sufficiently complicated to lead to the 
assumption that they can only have occurred once. 

The different structure of the first from the second pair of ovi- 
ducts, together with the relations of the anterior ovarian sac in 
Teleudrilus, suggests another view, which is: that the 
anterior pair of oviducts in Eudrilus are of a different nature 
from the second pair and from those of other Earthworms, and 
represent a pair of coelomic sacs opening by a pore on to the 
exterior. In this case the relationship between these oviducts 
and the second pair would be analogous to that which the ovi- 
ducts of Teleosteans bear to those of Elasmobranchs, &c., 
among Vertebrates. 

While the structure of the adult compels me to regard this 
as a possible alternative, I do not think that the study of the 
development of the parts in question will be at all likely to 
confirm this view. 

There is therefore, I submit, no doubt that there are in 
Eudrilus two pairs of ovaries and two pairs of ovi- 
ducts which are continuous with the ovaries and 
which open in common with the spermatheca by a 
common aperture one on each side of the body. The 
fact that both pairs of oviducts open by one pore, with which 
is also connected a receptaculum seminis and a glandular 
appendix, suggests a comparison with the corresponding organs 
in the Planarians, from which group I am disposed (following 
Lang) to derive the Annelids. If this resemblance be a real one, 
it follows that the female reproductive organs of Kudrilus 
present the most archaic form which has yet been met with in 
the Oligocheta ; and that this is an ancient type of Oliochet is 
also confirmed by the structure of the efferent part of the 
male organs of generation as I have attempted to show else- 
where. On the other hand, the nephridial system and the sete 
must be regarded, if my view that a diffuse and irregular 
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nephridial system and a complete circle of sete in each segment 
is the primitive condition be accepted, as greatly modified. 
We know, however, that within the limits of a single genus 
(Pericheta, Acanthodrilus), the nephridial system may 
become reduced to one pair of nephridia per somite, so that it 
is not necessary to assume that Eudrilus represents more 
nearly than any living form the ancestral Oligochet. I believe, 
however, that it does in respect of the reproductive organs.! 

The diffuse condition of the ovaries in many Planarians 
(which have already come to exhibit a regular segmental 
arrangement in Gunda), connected by a series of ducts with 
a single median pore” furnished with various accessory pouches, 
seems to me to be just recognisable in the female reproductive 
apparatus of Hudrilus. 

I would not, however, venture to assert that the continuity 
of ovary and oviduct is a direct inheritance from the Planarian. 
It seems to me to be rather a secondary modification comparable 
to the formation of the “ pericardium” in Deinodrilus, and 
to be the first step in the subdivision and partial obliteration of 
the coelom which culminates (as far as Annelids are concerned) 
in the Leeches, and in the Crustacea? and Mollusca. In 
saying this I do not mean to imply a belief in the old dis- 
tinction between ovaries independent of their duct and tubular 
ovaries, which has been urged with such ability by the brothers 
Hertwig in their “ Coelomtheorie.” 


1 Lang has figured (80, pl. 26, fig. 4) an ovary of Cycloporus 
papillosus which shows a remarkable resemblance to the ovary (of the 
fourteenth segment) in Hudrilus in being subdivided into a series of 
chambers. 

2 The two symmetrical pores of Hudrilus are not opposed to the above 
statement, for we know that in Pericheta there may be a single median 
pore, or two pores placed side by side, and there are other instances among 
Harthworms. 

3 See an abstract of a paper on the ccelom of Arthropods and Molluses by 
Professor Lankester in ‘Nature’ (1887), and Mr. Sedgwick “ On the Develop- 
_ment of Peripatus,” ‘Quart. Journ. Mier. Sci.,’ vol. xxvii. 
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V. On Certain Points in the Anatomy of Pericheta, with 
Description of a New Species. 


(1) Blood-glands. 


Tue observations of Kikenthal (28) have gone some way 
towards showing that the peritoneal cells in Annelids play an 
important part in excretion. The so-called “ chloragogen 
cells” of the intestine—which were regarded by earlier writers 
as representing a liver, and were on that account termed 
hepatic cells—are not, according to Kiikenthal, an integral part 
of the intestine, but arise from the lymph; these cells attach 
themselves to the intestinal and other blood-vessels ; the cells 
are at first clear but afterwards become loaded with yellow 
brown granules; the cells in this condition give a very dis- 
tinctive appearance to the intestine in the Oligocheta. Later 
on these celis become again detached, and float freely for a 
time in the celom; finally they break down and the secreted 
granules liberated by this process are evacuated by the 
nephridia. The nephridia therefore in Annelids play to a 
certain extent a secondary part in the elimination of waste 
matter ; in this capacity they serve merely as the conduits 
through which this waste matter, drawn from the blood by the 
chloragogen cells, reaches the exterior. It would appear 
therefore that the chloragogen cells do not, as they are com- 
monly stated to do, form a layer covering the intestine, but 
their relation is to the blood-plexus or sinus which surrounds 
the intestine. The fact that these cells are generally pear- 
shaped, attached to the surface of the gut by a slender stalk 
devoid of granules, has probably given rise to the idea that 
they were unicellular secreting glands, pouring their secretion 
into the lumen of the gut. As to the connection between the 
chloragogen cells and the blood system, this was originally 
pointed out by Claparéde (15, p. 227), who remarks, ‘‘ The 
general opinion is that the pigmented cells form a hepatic 
layer on the intestines. M.d’Udekem describes them as uni- 
cellular glands of two kinds opening directly into the intes- 
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tine. I have already expressed doubts as to the correct- 
ness of this view, which a more detailed study has only 
strengthened. These cells cover not only the intestine but 
also the dorsal vessel, and this is so in all species (Hoffmeister 
knew that this was the case in Tubifex rivulorum). They 
are often more closely packed upon that vessel than upon the 
intestines. They appear to be more intimately attached to 
the vessel than to the digestive tube, because in certain 
species they are seen to cover that vessel, not only in that 
part of its course where it lies upon the intestine, but also 
where it lies upon the cesophagus. 

“In Lumbriculus variegatus, Grube, for example, the 
pigmented cells which do not cover the intestine until the 
sixth segment, are seen to cover the dorsal vessel from the 
fourth onwards. . . . The intimate relationship of these 
supposed hepatic cells to the vascular apparatus is also very 
evident in the true Lumbricide.” 

Further on Claparéde remarks that these cells “ probably 
get rid of their contents into the perivisceral cavity.” Pro- 
fessor Lankester pointed out, in the case of certain “ Limicole,” 
that the abundance of granules in the perivisceral fluid often 
depends on the condition of the glandular coating of the intes- 
tine of the dorsal vessel, and that this glandular coating may 
have “ a most important connection with the production of the 
corpuscles of the perivisceral fluid, and may serve to place this 
fluid in organic relation with the liquid of the closed vascular 
system of the intestine and contents of the digestive tract.” 

Vejdovsky (39, p. 112) has expressed the opinion that the 
chloragogen cells ‘with dark granular concretions most 
probably become free, and are absorbed by the ccelomic fluid, 
the small particles being removed to the exterior by the 
nephridia.” He has therefore, in the time of publication, 
the priority over Kiikenthal in putting forward these views. 

It is evident therefore that these authors had some sus- 
picion of the real nature of the part played by the chloragogen 
cells, which has been so admirably cleared up by Kiikenthal. 

An interesting contribution to this subject by Dr. Grobben 
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has recently appeared (22, p. 450). This author had described 
in many Mollusca (21, p. 369), ramified glandular bodies 
arising from the pericardium, containing concretions in their 
cells. In his second communication (22) he suggests that the 
diverticula of the dorsal vessel in the Lumbriculidz which are 
covered with chloragogen cells are homologous structures; in 
both groups (Mollusca and Annelids) the pericardial gland is 
a special development of the peritoneum in connection with 
vascular enlargements (the pericardium of Mollusca is of 
course coelomic). 

In Pericheta Houlleti, in P. aspergillum, and in 
Acanthodrilus Rosz there are certain organs which are, I 
believe, referable to the same category. 

These organs were first described by Perrier (83, p. 100), in 
Pericheta Houlleti, as glands (‘‘glandes en grappe”’) open- 
ing into the cesophagus in segments vi and vit, close to the 
septum which separates these segments. These “ glandes en 
grappe”’ were stated by Perrier to consist of numerous acini 
connected with a branching system of ductules, which unite to 
form a thin-walled duct of considerable calibre. The acini are 
composed of very small nucleated cells. 

I have myself briefly described the glands in some examples 
of P. Houlleti, which were kindly collected for me in the 
Bahamas by Mr. W. F. R. Weldon. In my specimens there 
were three pairs of these organs, situated in segments v, v1, 
and vi1; they appeared to be connected by a longitudinal duct 
on each side (= the “ pyriform glands” of Perrier) and to 
open into the pharynx. Iam now convinced that the inter- 
pretation which Perrier and I myself placed upon these struc- 
tures are entirely wrong, and that they are not salivary glands 
at all. They certainly do suggest such structures, but a more 
careful examination of their minute structure, particularly in 
P. aspergillum—of which I have well-preserved examples— 
shows that the supposed ducts are only blood-vessels. 

Fig. 9 illustrates a small portion of one of these glands in 
P. Houlleti, which was teased out and examined in glycerine. 

Each “acinus” is a spherical body, consisting usually of a 
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dense mass of small nucleated cells, enveloped in a thin fibrous 
sheath ; sometimes the centre of the acinus was hollow and 
contained a blood-clot (fig. 9a) ; most of the acini (? all) were 
connected with two blood-vessels, generally, but not always, 
empty of blood. The walls of these are tolerably thick, and 
there is a continuous lining of cells, which gives them a certain 
resemblance to ducts. These blood-vessels form a series of 
branching tubes, the acini being simply dilatations, in which 
the lining epithelium has undergone so vigorous a growth as 
almost to obliterate the cavity. 

In Pericheta aspergillum (probably also in P. Houl- 
leti, though my material is not sufficiently well preserved to 
allow me to speak with certainty) these acini are closely 
packed together (fig. 8) and surrounded with a sheath of 
chloragogen cells; these cells also form a branching network, 
variable in the amount of its development between the indi- 
vidual vessels and the large dilatation. A compact organ, or 
rather a series of organs, is thus formed, which consists of a 
capillary network, with numerous large dilatations and a coat- 
ing of modified peritoneal cells. These organs show a meta- 
meric arrangement, which is perhaps rather more conspicuous 
in P. Houlleti than in P. aspergillum. 

The occurrence of identical organs in Acanthodrilus is 
interesting, as it tends to strengthen the evidence of near re- 
lationship between these two genera. It is very possible, how- 
ever, that they will be found to occur elsewhere. 

Tt is well known that in the nephridia of Lumbricus the 
capillaries are here and there dilated, the dilatation being filled 
with free nuclei. These structures are comparable to those 
which have been just described in the anterior segments of Peri- 
cheeta, but they are scattered here and there among the coils 
of the nephridium, and are not compacted into large masses, as 
in the “ blood-glands.” The dilatation occurring on the capil- 
laries of the nephridia are also of smaller size than those which 
make up the “ blood-glands,”’ though in the latter small dila- 
tations, just like those of the nephridia, are also found. 

The fact that these dilatations are always crowded with 
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small cells, which seem to be just like the free corpuscles of 
the blood, suggests that they may be the seat of formation of 
the latter. 

On the other hand, the immense mass of cells contained in 
the anteriorly situated blood-glands is altogether out of pro- 
portion to the very scanty number of free corpuscles present 
in the blood. Moreover, Vedjovsky (39) has pointed out that 
certain valve-like structures, which are found along the prin- 
cipal vessels, are probably the source of the corpuscles, which 
would appear to be from Lankester’s investigations little more 
than the nuclei of such cells. 

I would not, however, venture to assert that this is not a 
function of the bodies in question. 

The close packing of the cells in the capillaries of the blood- 
gland, which seems occasionally (and perhaps only temporarily) 
to produce an actual occlusion of the lumen, and the general 
arrangement of the capillaries, would naturally tend to slow 
the circulation in this part of the vascular system; and it is 
also possible that the cellular mass which forms the greater 
part of the spherical dilatation along the ¢apillaries may play 
an active part in the elimination of waste matter from the blood, 
the waste matter being then temporarily stored up in the chlo- 
ragogen cells. Perhaps both these functions go on side by side. 

In any case I am inclined to compare these organs with the 
“pericardial glands”? of other Annelids and other Inver- 
tebrates. 


(2) Capsulogenous Glands. 


In three species of Pericheta, viz. P. Houlleti, 
P. aspergillum, and P. mirabilis, there are a number of 
small glands opening on to the exterior in the neighbourhood 
of the reproductive pores; the histological structure of these 
has not been investigated, and they have been, to a certain 
extent, confused with other structures, with which they do 
not appear to have anything in common. 

Perrier, in his description of Pericheta Houlleti, has 
stated that the spermathece (of which there are three pairs) 
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are each furnished with two diverticula; one is a moderately 
long tube of equal diameter throughout, and bent upon itself 
like a “Pan’s pipes ;” the other is a pear-shaped body attached 
by a long stalk to the duct of the spermatheca. I have found 
that in this species there are sometimes a pair of these struc- 
tures (fig. 6), of which one may lie in the cavity of the segment, 
anterior to that in which the spermatheca lies ; this increases 
the resemblance of the structures in question to diverticula. 
These bodies are of a perfectly different structure from diver- 
ticula; each consists of a mass of granular cells which are 
prolonged and form collectively the stalk of the organ,—it 
is in fact merely a bundie of unicellular glands, which pour their 
secretion into the duct of the spermatheca. 

In P. aspergillum, Perrier has directed attention to a 
number of small white glands which open on to the exterior, 
round the orifices of the spermathece and vasa deferentia. 
These glands (figs. 3, 4, 5) are identical with those just referred 
to in P. Houlleti. 

In Pericheta mirabilis, the same glands are found and 
their orifices are exceedingly conspicuous. I observed four 
apertures. There are three apertures in one segment—two 
lateral and one median, and a single median aperture in the 
following segment. I neglected to note the exact position of 
the segment occupied by these pores, but the anterior, at least, 
also contains a pair of spermathece. The apertures of the 
glands are, as remarked, extremely conspicuous, and might 
easily be taken for spermathecal openings ; in fact, the useless- 
ness of external characters only, as a guide to zoological 
affinities, is strikingly exemplified by this case. With each 
pore communicates several bundles of unicellular glands, which 
converge at the point of opening, or sometimes earlier. 

So far as I am aware, these peculiar glands are confined to 
the genus Pericheta.' 


1 Perrier has described in P. affinis what are apparently similar glands ; 
in that species they are connected with the genital papille which occupy 
segments 17 and 19; it is possible that the papille in Pericheta are 
often connected with such glands, 
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Their arrangement in the three species mentioned above 
seems to indicate that they will, when better known, serve as 
a means of discriminating the species of this genus, which are 
already very numerous. 

The restriction of these glands to the neighbourhood of the 
spermatheca and vasa deferentia pores, is an indication that 
they are concerned with the reproductive functions. 

The descriptions of the cocoon and embryos in exotic 
Lumbricide, although limited to Megascolex ccruleus 
(Beddard, 8), and Megascolides australis (Spencer, 37), 
seem to indicate that there is no great difference between 
these types and our indigenous Lumbricide. The cocoon 
membrane is now generally admitted to be a product of the 
clitellar glands ; the albuminous fluid in which the ova are 
embedded seems to be formed by the capsulogenous glands 
(“ Hiweissdriisen ”’) in the Lumbricide, and in such forms as 
Rhynchelmis. Spencer has, however, suggested that this 
substance in the cocoon of Megascolides is, probably, in 
part at least, coelomic fluid. I confess myself unable to agree 
with Professor Spencer as to the likelihood of the ccelomic 
fluid being used for such a purpose, though, at the same time, 
it is very possible that, during the formation of the cocoon, 
some celomic fluid might be accidentally squeezed out of the 
dorsal pores and included within the cocoon. Spencer’s 
statements, in fact, do not really imply more than this, as I 
read them. 

As no capsulogenous glands have been found in Megas- 
colex and Megascolides, some other origin for the albu- 
minous fluid in the cocoon must be sought for. 

The only organs which can be supposed to secrete this 
fluid in the two genera are the atria (= prostates) and the 
spermathecee. 

Now, the function of the atria seems to be probably that of 
compacting together the spermatozoa so that they can be easily 
transferred to another individual during copulation, and they 
are well developed with additional glands in the Tubificide, 
whose cocoons appear to be without any albumen (Vejdovsky, 
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39, p. 149); again, in the Naidomorpha, and, to a less 
extent, in the Enchytreide there is a glandular atrium ; 
and here the ova are laid singly, each enveloped in its own 
cocoon and closely filling it, so that but little room is left 
for any albumen. 

Vejdovsky (89, p. 153) agrees with Lankester that the central 
axis of the spermatophore is formed by the secretion of the 
prostates (‘‘Cementdriisen ”) in the Tubificide; in Clitellio 
where these glands are unrepresented, the epithelium of the 
atrium seems to be unusually thick and glandular, and may 
perform the same function. 

The fact that the atria in Earthworms (e. g. in Acantho- 
drilus, Ty pheus, some species of Perichzta) are commonly 
furnished with penial seta, or, if not, can be protruded so as to 
form a temporary penis (some species of Pericheta, Teleu- 
drilus), seems to suggest that their function is a similar one, 
viz. to glue together the spermatozoa in bundles and to convey 
them to another individual. 

This function does not seem to be compatible with that of form - 
ing albumen for the nourishment of the embryos in the cocoon. 

Again, the position of the atrial pores for the most part 
behind the clitellum or just within it, isnot the most favorable 
for such a purpose, assuming that the cocoon, when formed, 
is passed over the head of the worm, as it is in Rhynchelmis 
(Vejdovsky, 40). 

Unless, therefore, the celomic fluid be ultimately proved to 
be the source of the cocoon albumen, the only organs in 
Megascolides and Megascolex which can prepare this 
fluid are the spermathece. In an earlier part of this paper, 
(p. 435), I have commented upon the fact that in Harthworms 
whose spermathece possess diverticula the spermatozoa are 
always found in the diverticula and not in _ the 
spermatheca.! It is true that I have myself omitted to 
describe any such diverticula to the spermatheca of Megas- 

1 T have referred to Rosa’s statement that in Acanthodrilus scioanus 


there are spermatozoa in the spermathece; but this is one exception, and 
indeed it may conceivably often occur and yet be accidental. 
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colex. I did not, however, investigate these structures by 
means of sections, and remembering (1) that in Acantho- 
drilus multiporus the diverticula are embedded in the 
body wall, and not visible on a dissection, and (2) that in no 
other species of Pericheta or Megascolex are diverticula 
wanting, it seems to be probable that these structures will be 
ultimately proved to exist in Megascolex ceruleus. 

I have found in Acanthodrilus that the spermatheca con- 
tains (in preserved specimens) a hard coagulated mass, showing 
no structure, which gives the ordinary albumen reactions. I 
am disposed, therefore, to think that the function of the 
spermathece in Acanthodrilus, and other genera 
where diverticula are present, is to prepare the 
albumen for the nourishment of the embryos in 
the cocoon, the diverticula being the real sperm 
reservoirs. 

The connection between the spermetheca and the albumen 
gland in Sutroa (Hisen, 18) is suggestive in view of this possi- 
bility. 

I had written to this point when Michaelsen’s most recent 
memoir (32) came into my hands through the kindness of 
theauthor. In his description of Cry ptodrilus purpureus 
Michaelsen records the interesting fact that there are five 
spermathece occupying as many segments and opening in the 
ventral median line. Each pouch is furnished with a pair of 
diverticula, one on each side. ‘ These cylindrical diverticula 
contain sperm after fecundation. The wide middle sac is filled 
with a granular mass which is feebly coloured by picro-carmine 
(nutritive matter for filling the cocoon)” (82, p. 5). The 
suggestion made in the above quotation is not supported by 
any further discussion. 

I do not think that the question of the function of the 
spermathece can be at present definitely settled, but the hypo- 
thesis advanced in the present paper is at least not contra- 
dicted by our experience. 

It occurred to me that the remarkable glands in Pericheta, 
of which some description has just been given, might serve as 
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capsulogenous glands. There are some facts which seem to me 
to favour this supposition, and some which are opposed to it. 

In describing the spermathece of Acanthodrilus (p. 435) 
it has been pointed out that the spermatozoa become embedded 
in granular masses which are formed by the metamorphosis of 
the lining epithelium of the spermathecal diverticula. I take 
it that the spermatophores of Acanthodrilus consist of little 
more than a number of these balls of granular substance con- 
taining spermatozoa compacted together. In no species of 
Pericheta that I have been able to examine (and I have 
studied mature specimens of a good many species) is there 
any such modification of the epithelium of the diverticula, 
although the spermatozoa are only found in the diverticula. 
It is possible, therefore, that here the diverticula have not yet 
assumed, or have lost, the function which their homologues in 
the Acanthodrilide perform. 

In this case, therefore, the formation of the spermatophores 
may be partly due to the epithelium of the spermathece ; hence 
the need for capsulogenous glands, which is satisfied by the 
abundant glandular development in the neighbourhood of the 
spermathecee. 

The spermathece of Pericheta on this hypothesis lie 
midway between Acanthodrilus and Lumbricus. 

Against regarding these glands of Pericheta as capsulo- 
genous glands is perhaps their development in the neighbour- 
hood of the atria as well as more anteriorly. This rather 
suggests that they may secrete a fluid serving to attach 
together the worms during copulation. 

At any rate, the presence of capsulogenous glands in Lum- 
bricus and Brachydrilus is correlated with the absence of 
diverticula. This statement does not apply to Microcheta, 
but as only four specimens of that worm have been dissected 
it is still far from certain that it does not possess any capsulo- 
genous glands. 

In Lumbricus and its allies the disappearance of the 
diverticula has resulted in the formation of special glands—the 
capsulogenous glands; in Brachydrilus and Microcheta it 
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seems to me to be possible that the spermathece have 
disappeared and the diverticula remained to discharge 
their functions. The structure of these small pouches, their 
large number per somite, and their variability in number, are 
facts which are quite in accord with such a view. 

Criodrilus is a form which is difficult to fit in with this 
hypothesis, but the total absence of any trace of spermathece 
at all is sufficiently puzzling without going any further.' 


Pericheta intermedia, n. sp. 


The genus Pericheta, of which there are a larger number 
of species known than of any other genus, forms one of the best- 
marked types among Earthworms; so much so, indeed, that its 
affinities with other genera are by no means clear. I have 
recently, however, described in this Journal (8) a remarkable 
type—Deinodrilus—which is to some extent a connecting 
link between Pericheta and Acanthodrilus, though it is 
perhaps, on the whole, nearer to the latter. 

I have now to describe a species, like Deinodrilus, from 
New Zealand, which, although it must certainly be placed in 
the genus Pericheta, shows affinities to Acanthodrilus. 

I have given this worm the specific name of “intermedia,” 
in order to indicate its intermediate characters, but I am not 
quite certain as to its distinctness from an Australian form 
recently described by Mr. Fletcher as Pericheta Bakeri (19), 
with which it appears to agree in some structural peculiarities. 
In Mr. Fletcher’s paper, which is apparently preliminary to a 
more exhaustive account of the anatomy of Australian Earth- 
worms, no special stress is laid upon the more important 
characters of P. Bakeri, in which it seems to resemble the 
present species, and to differ markedly from other Perichete. 

1 The absence of capsulogenous glands in some Lumbriculide is perhaps to 
be accounted for, as is their absence in Tubifex, i.e. by the fact that the 
cocoon contains noalbumen. Hormogaster, Urocheta, Thamnodrilus, 
and some other genera have no capsulogenous glands and no diverticula. But 


this is only negative evidence, and these genera are clearly not so well known 
as Pericheta and Acanthodrilus. 
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In any case, therefore, it seems to be desirable to draw the 
attention of zoologists to this Earthworm, as it seems to con- 
nect the genus Pericheta with other forms. 

The most remarkable structural peculiarities of P. inter- 
media concern the excretory and reproductive organs. 

The genus Perionyx was distinguished by Perrier (38) from 
Pericheta, chiefly for the reason that each segment is fur- 
nished with a pair of nephridia. These organs in Pericheta 
usually consist of innumerable tufts of extremely fine tubules, 
which, as I have shown, form a network communicating with 
the exterior by many pores, and with the celom by numerous 
ciliated funnels, in each segment. Although Perrier did not 
observe the microscopical characteristics of the nephridia of 
Pericheta, he did point out such obvious differences between 
the nephridia of this genus and of other Earthworms as could 
be discerned on a dissection of the worm; and these differences 
led him to separate Perionyx, which agrees with Lum- 
bricus and many other genera in having a single pair of dis- 
tinct nephridia in each segment of the body. Pericheta in- 
termedia and, according to Fletcher’s description, P. Bakeri, 
agree with Perionyx, and differ from other Pericheta in their 
nephridia. 

The second point of interest in the structure of the two last- 
named species of Pericheta is in the form of the “ prostate,” 
or atrium, as it is better termed. In nearly all the species of 
this genus the atria form branched glandular structures, being 
frequently divided by furrows into variously sized lobes. The 
branched character of the atrium is but little marked in P. 
Newcombei (see Beddard, 4) as compared with many. other 
species. In P. intermedia the atria are precisely like those 
of Acanthodrilus and Typheus; they are long tubular 
organs much coiled upon themselves; their cavity is simple, 
not branched, and the histological structure of their walls is 
quite indistinguishable from Acanthodrilus (see Beddard, 
3). Limagine, from Mr. Fletcher’s description of P. Bakeri, 
that the atria of this species of Pericheta are like those 
of P.intermedia. A very interesting Pericheta has been 
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lately described by Bourne (14); this species, P. Stuarti, 
appears to possess two pairs of tubular atria, and therefore 
resembles Acanthodrilus very closely indeed. 

Pericheta intermedia is a moderately large species, 
being stout in proportion to its length; its general aspect is 
very different from that which is characteristic of Pericheta; 
the sete are not at all conspicuous, and the worm has asmooth, 
somewhat glandular appearance. This seems to be due to the 
absence of a ridge in the middle of each segment for the im- 
plantation of the sete. 

The buccal lobe does not divide the peristomial segment. 

The clitellum was not developed in either of my two 
specimens. 

The colour of the spirit preserved was of a reddish brown, 
paler ventrally. During life, according to Mr. W. W. Smith, 
from whom I received the specimen, the colour is “ bluish 
green.” 

The sete form a nearly complete ring round each segment, 
only failing for a short space in the mid-dorsal and mid-ventral 
lines. 

There are no dorsal pores. 

In the neighbourhood of the male genital pores are a number 
of papilla. 

The male genital pores are a pair of slit-like orifices on 
the eighteenth segment, on a line with the sete, which are 
almost absent in the space between the two orifices, there 
being apparently only one seta on the inner side of the pore. 

The oviducal pores are paired, and upon the fourteenth seg- 
ment; this is unusual, but is occasionally met with in the 
genus Pericheta. The common arrangement is a single 
median pore. 

The nephridiopores are quite obvious upon most of the 
segments and lateral in position. 

Alimentary Canal.—The gizzard is situated in the fifth 
segment; it is very small and the muscular walls not very 
thick. 

The csophagus is furnished with separate calciferous 
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glands in segments x and x1. These glands are not, as is 
so often the case, connected with the lumen of the esophagus 
by a narrow duct; they present the appearance of swellings of 
the esophagus and resemble very closely the calciferous glands 
of Microcheta (Beddard, Benham). Though probably formed 
as two paired outgrowths of the esophagus no trace of a paired 
arrangement is visible in the adult worm. 

The nephridia, as already stated, are paired; the funnels, 
as is nearly always the case, open into the segment anterior to 
that which bears the external orifice. I reserve for the present 
details as to the structure of the nephridia. 

Genital Organs.—The sperm-sacs are in segments Ix, x, 
x1, and xm. The vasa deferentia open into segments x 
and x1; the two vasa deferentia unite to form a single tube, 
the relations of which with the atrium I have not been able to 
make out with certainty. I believe, however, that it does not 
open on to the exterior independently of the atrium; there are 
no conspicuous penial sete, but it appeared to me, in one speci- 
men which I investigated by means of sections, that one or two 
of the sete in the immediate neighbourhood of the genital 
pore were rather larger than the others. 

The ovary is in segment x11, and the oviduct opens into 
the same segment; there is nothing unusual about either of 
these organs. The ovary, as in most Earthworms, is not a com- 
pact organ, but is prolonged into numerous filiform processes. 

The egg-sacs (receptacula ovorum) are very conspicuous 
structures; they lie upon the posterior surface of the septum 
separating segments x111 and xiv, and on either side of the 
intestine. 

These organs are larger than is generally the case, and have 
a racemose appearance ; in both these points they present an 
interesting resemblance to sperm-sacs; furthermore they con- 
tain numerous Gregarines. 

In one specimen, the genital region of which I investigated 
by transverse sections, the structure of the egg-sacs was a little 
different from that of other Earthworms which I have had the 
opportunity of studying. The walls (see fig. 12) are tolerably 
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thick and appear to be made up of fibres. Interspersed among 
them are nuclei which are extraordinarily numerous ; the blood 
supply was not very great, but this may be due to accidental 
causes. The presence of egg-sacs in Pericheta has been 
noted in but few species. Bergh (18, p. 318, footnote) 
remarks upon the presence of two pairs of egg-sacs in P. 
Hasselti; the first pair are situated in the ovarian segment 
above the ovary; the second pair in the following segment 
occupying a corresponding position. He also quotes Perrier’s 
(33, p. 116) observation of a pair of apparently similar structures 
lying above the ovaries in P. robusta. In P. aspergillum 
there are two pairs of egg-sacs lying in segments x11 and xiv; 
like Bergh, I could find no ova in these egg-sacs, nor any 
connection with the oviduct. As, however, in Pericheta 
intermedia there is a similar absence of connection with the 
oviducal funnel and yet the egg-sacs are full of ova, I cannot 
agree with Bergh in regarding the egg-sacs of P. Hasselti as 
functionless (as egg-sacs). 

Bergh states that the ova of Lumbricus, although sur- 
rounded while in the ovary by a follicular layer of flattened 
cells, leave the ovary in a completely naked condition. So 
far as I am aware this statement is borne out by other obser- 
vers, who have figured or described the ova in the egg-sacs as 
without a follicular layer. This appears also to be the case 
with Criodrilus (Collin, 16) and Microcheta (Benham, 11, 
pl. viii, fig. 10). 

In Pericheta intermedia the egg-sacs were filled 
with mature ova, all of which were surrounded with 
a perfectly distinct follicular epithelium composed 
of flattened nucleated cells. 

In addition to this follicular epithelium—between which 
and the ovum is a distinct vitelline membrane—many of the 
ova were also furnished with asmall number (four or 
five) of germinal cells attached to one pole (see fig. 12). 
This is an interesting resemblance to certain of the lower 
Oligocheta, in the majority of which the ova are detached 
from the ovary and fall into the egg-sacs in company with a 
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number of germinal cells, which probably serve for the 
nutrition of the ovum. My specimens were not sufficiently 
well preserved to enable me to make out how far there is an 
actual contact between the protoplasm of the ovum and of the 
nutritive cells. 

There are four pairs of spermathece occupying segments 
v—vit1; each is furnished with a single supplementary pouch 
of small size; this was conspicuous by reason of its yellow 
colour, and, as in P. sumatrana, was crowded with sper- 
matozoa. ; 

The septum to which the egg-sacs are attached is one of the 
specially thickened septa, of which there are six dividing seg- 
ments, vii—xv. The egg-sacs are attached close to the ceso- 
phagus, and where the cesophagus perforates the septum there is 
a space left, through which the egg-sac is prolonged, opening 
into the interior of the thirteenth segment and coming into very 
close relations with the funnel of the oviduct; the passage of ova 
into the egg-sac is facilitated by this, and by the fact that the 
two thick mesenteries which bound segment x1 are closely 
approximated, so that the actual cavity of the segment is much 
reduced. The part of the egg-sac nearest to its attachment 
forms a spacious cavity, undivided by trabeculz. I have noticed 
in this part masses of ovarian tissue containing germinal cells 
and eggs in all stages of development. ‘This fact appears to 
be contrary to the opinion advanced above, that the ovary 
of segment xtv in Eudrilus is really an ovary; but the egg- 
sacs of Pericheta contained only very small fragments of 
ovarian tissue, besides the developing ova, while the organ in 
Eudrilus was quite full of germinal cells in all stages of de- 
velopment. 


Nervous System. 


In figs. 2, 10 are illustrated the way in which the nerves 
arising from the ganglia are distributed to the body wall in 
Pericheta intermedia and in P. aspergillum. 

In both species, as Vejdovsky has mentioned for Dendro- 
beena (39, p. 85), the nerve courses in the interior of the body 
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wall between the longitudinal and the circular muscular coat. 
Iam not certain whether the two nerves meet dorsally, but 
they certainly do ventrally (see fig. 2, 2. a). These nerves give off 
innumerable branches, for the most part from the upper surface 
of the nerve-trunk, i.e. towards the epidermis. These nerve- 
branches consist, like the nerve from which they arise, of 
numerous delicate fibres, which have usually a somewhat wavy 
aspect. Among them are many nuclei which may belong to 
the nerve-fibres or to their sheath. As these nuclei were found 
on the smallest branches close to their connection with the 
epidermis it seems to be more likely that they are the nuclei 
of the nerve-fibres. 

The bundles of nerve-fibrils pass in every direction, as is 
shown in fig. 1, and appear to anastomose with each other, 
though I could not detect any ganglion-cells connected with 
them. ‘These nerve-branches finally terminate in connection 
with (?) the cells of the epidermis ; bundles of fibrils could be 
observed passing up into the epidermis, which were quite as large 
as the branches immediately arising from the main nervous 
trunk. I only observed the presence of this intramuscular 
nervous plexus in the immediate neighbourhood of the sete. 


Subneural Blood-vessel. 

The subueural blood-vessel, which does not appear to be 
present in any genera of Oligocheta which have been referred 
to Claparéde’s division of the Limicole, is also wanting in some 
Earthworms. Perrier has denied its existence in Pontodrilus 
and Pericheta, and Benham states that it is also absent in 
Michrocheta. It is therefore of some little importance to 
note that this blood-vessel is not invariably absent in the genus 
Pericheta (see fig. 7). 


I have found it in the following species : 
Pericheta, sp. (from the Philippines), 
P. aspergillum, 
but it is absent in P. armata.} 


1 T may also mention that the two latter species have no typhlosole, but 
that there is a rudimentary typhlosole in Pericheta, sp. (? affinis). 
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I may also take this opportunity of remarking that there is 
a subneural blood-vessel in Thamnodrilus. 


Summary. 


The more important new facts contained in the present paper 
are the following : 


(1) Description of Acanthodrilus antarcticus, A. 
Rose, A. Dalei, nn. spp. 

(2) The ciliation of the spermathecal appendix iu A. Rose. 

(3) The presence in Eudrilus of two pairs of ovaries, con- 
nected by oviducts with a single aperture on each side; the 
oviducts are continuous with the ovaries. 

(4) The description of Pericheta intermedia, n. sp., 
which differs from most species of Perichzta in having a 
single pair of nephridia in each segment, and in having a 
tubular atrium like that of Acanthodrilus. 

(5) The presence of functional egg-sacs in the same species, 
in which the ova undergo their development surrounded by a 
follicular epithelium and with a mass of germinal cells attached 
to one pole, as in certain “ Limicole,” &c. 

(6) The presence of a peripheral nerve plexus in Pericheta, 
specially developed in the neighbourhood of the sete. 

(7) The presence of a subintestinal blood-vessel in Acan- 
thodrilus. 

(8) The presence of a subneural blood-vessel in Peri- 
cheeta. 

(9) Description of the minute structure of the spermathece 
and the spermathecal appendices in Pericheta and Acan- 
thodrilus; spermatozoa are only found in the appendices, 
the epithelium of which has largely undergone degeneration 
into a viscous substance, in which the spermatozoa are 
embedded. 

(10) Description of some epidermic glands in Pericheta, 
which are possibly equivalent to the capsulogenous glands of 
Lumbricus. 

(11) Description of certain organs in Pericheta and Acan- 
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thodrilus which probably correspond to the ‘ pericardial 
glands” of Lumbriculus. These consist of a network of capil- 
laries with numerous spherical dilations crowded with cells ; 
the whole network forms a compact series of organs clothed 
with chloragogen cells; they are found in the anterior 
segments only, and exhibit a more or less perfectly metameric 
arrangement. 

(12) Description of a series of paired sacs attached to the 
septa of Acanthodrilus georgianus, which appear to be 
special glycogenic organs. 
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EXPLANATION OF’ PLATES XXIX and XXX, 


Illustratmg Mr. Frank E. Beddard’s paper “ Contributions to 
the Anatomy of Earthworms, with Descriptions of Some 
New Species.” 


Fic. 1.—Transverse section through body wallof Peric heta intermedia. 
ep. Epidermis. x. Nerve. (x7. in Fig. 2) x’. Branches of the same. /. 
Blood-vessels. 

Fic. 2.—Diagrammatic transverse section of a portion of the body wall of 
the same species, to illustrate course of nerve-trunks. wz. Nerve. x'. Portion 
lying between transverse and longitudinal muscles. 4. Point at which nerve 
branches; the branch passing to the left (below the ganglionated cord), fuses 
with the corresponding nerve of the left side. v.d. Vas deferens. a. Frag- 
ment of fourth longitudinal muscle-mass, separated by nerve. 

Fie. 2 (@).—Disposition of nerve (~) at its point of bifurcation (4) within 
the body wall in another segment. 
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Fic. 3.— Capsulogenous ” glands of Pericheta aspergillum, magni- 
fied about 20 diam. o. External orifice. 

Fic. 4.—Section through body wall of Pericheta, sp., to show “ capsulo- 
genous” glands (g/.). a. Hxternal orifice. 

Fic. 5.—Transverse section through body wall of Pericheta aspergil- 
lum. e. Epidermis. ¢. Transverse. 7. Longitudinal muscular coat. 4. A 
*‘capsulogenous” gland, the section passing through the blind extremity. 
a. Duct of another in longitudinal, a’ in transverse section. 

Fic. 6.—Spermatheca of Pericheta Houlleti. d. Diverticulum. a. 
Capsulogenous glands. 


Fic. 7.—Transverse section through nerve-cord (z) and median ventral 
portion of body wall of Pericheta affinis(?). ». Subnervian blood- 
vessel. 


Fie. 8.—Section through one of the “blood-glands” of Pericheta 
aspergillum. v. Blood-vessels. 6/. d/’. Dilatations of same. m. Muscular 
fibres. p. Peritoneal epithelium. 

Fic. 9.—Portion of network of one of the blood-glands of Pericheta 
Houlleti. 4. Blood-vessels. a. Dilatation. 

Fic. 10.—Section through nerve-cord and a pair of lateral nerves in 
Pericheta aspergillum. wz. Nerve-cord. 4. Body wall. 


Fic. 11.—Female reproductive organs of Eudrilus. s. Septum between 
segments x11I and xiv. s’. Septum between segments x11 and XII. sp. Sper- 
matheca. g/. Glandular body. 0. Ovaries with their ducts. 

Fic. 12.—A portion of egg-sac of Pericheta intermedia. c. Walls of 
sacculi. a. Nutritive cells. 4. Follicular epithelium surrounding ovum. 


Fic. 13.—A portion of ovary of Eudrilus. a—d. Ova in various stages 
of development. 

Fic. 14.—Penial seta of Acanthodrilus Dalei. 

Fic. 15.—Penial sete of A. georgianus. 

Fic. 16.—Extremity of same seta more highly magnified. 

Fic. 17.—Penial seta of A. antarcticus. 

Fic. 18.—Extremity of penial seta of A. capensis. 

Fic. 19.—Penial seta of A. Rose. 

Fic. 20.—Anterior segments of A. Rose. 

Fie. 21.—Anterior segments of A. multiporus. 

Fic. 22.—Anterior segments of A. georgianus. 

Fie. 23.—Spermatheca of A. Dalei. a. Glandular part of diverticulum. 

Fig, 24.—Spermatheca of A. Rosex. a. Glandular part of diverticulum. 


Fic. 25.—Spermatheca of A. nove-zealandia. a. Glandular part of 
diverticulum. 
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Fic. 26.—Spermatheca of A. Rose in situ. a. Spermathecal pouch. 
6. Diverticula. c. Their long muscular duct. x. Nerve-cord. 


Fie. 27.—Transverse section through spermatheca of sexually immature 
A. georgianus. 6. Pouch. a. Diverticulum. 0/. Blood-vessels. 


Fie. 28.—Diverticulum of spermatheca of the same species more mature. 


Fig. 29.—Diverticulum of spermatheca of A. Rose. a. Colloid masses 
formed between cells 4, d, containing spermatozoa. 


Fic. 30.—Constituent cells of diverticulum of the same species more highly 
magnified. I, in longitudinal; II, in transverse section. Lettering as in 
last figure. 


Fic. 31.—Septal organs (a) of A. georgianus. 


Fie. 32.—One of the septal organs more highly magnified. s. Septum. 
x. Septal organ. 4/7. Blood-vessel. 


Fic. 33.—Transverse section through gizzard of A. georgianus. 


Fig. 34.—Section of muscular portion of spermathecal diverticula to show 
ciliated epithelium. 


Fic. 35.—Wall of median unpaired sperm-sac of A. georgianus. 
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On the Phagocytes of the Alimentary Canal. 
By 


Armand Ruffer, M.A., M.D.(Oxon.,). 


With Plate XXXI. 


Durine the last few years our knowledge of the pathological 
appearances found in animals suffering from an infectious 
disease has, thanks to M. Metschnikoff’s labours, been con- 
siderably extended. Infectious diseases for some years past 
were known to be caused by the presence of pathogenic micro- 
organisms in the tissues of animals—each malady being due to 
a distinct specific germ—and most of these specific germs had 
been isolated and cultivated (e. g. typhoid fever, tuberculosis, 
pneumonia, diphtheria, &c.). Some of these organisms more- 
over, when inoculated into animals, gave rise to morbid 
symptoms and to pathological appearances similar to those 
seen when manis invaded by them; whilst others (e. g. typhoid 
bacillus) proved fatal to some species of animals only (e. g. 
mice), though the clinical aspect and post-mortem lesions 
when the typhoid bacilli were injected in mice did not in any 
way resemble those produced by the same bacilli when the 
human species was attacked by them. 

It was, however, soon noticed that some species of animals 
were able to resist the inoculation of even large numbers of 
some kinds of specific germs. Animals belonging to another 
species, on the other hand, suffered but little when few 
specific germs were injected into their system, but did when a 
larger number of the same germs was introduced. Clinical 
observations had already demonstrated the fact that when an 
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animal recovered from an infectious disease that animal was 
unable to contract it again. It was said to be vaccinated 
against that particular kind of micro-organisms. Actual ex- 
periment soon showed that it was possible to artificially 
vaccinate an animal against some fungi by the inoculation of 
an attenuated form of the same germs (Pasteur, Chauveau), or 
even by the injection of the poisons secreted by the same’ 
micro-organisms in artificial cultures (Charrin, Salmon and 
Smith, Roux and Chamberland, Chantemesse and Widal). 
The bacillus of anthrax, for instance, having no or very little 
harmful influence on a dog, on a vaccinated sheep, rabbit, or 
guinea-pig, was always mortal to the three latter species of 
animals if they were not previously subjected to a preventive 
inoculation of the attenuated anthrax bacilli. The Bacillus 
pyocyaneus injected into the rabbit’s veins proved fatal to 
that animal in a period varying from twenty-four to forty- 
eight hours, but produced a temporary illness only when 
introduced into a rabbit vaccinated with 15 or 20 c.c. of the 
sterilised culture of the same bacillus. 

Now, Metschnikoff! and Hess* have proved that the blood or 
lymph of the dog, of the vaccinated rabbit or guinea-pig, were 
most excellent media for the cultivation of the anthrax bacillus; 
in other words, the blood of these animals did not contain any 
chemical compounds capable of arresting the growth of that 
micro-organism. Another hypothesis assuming that micro- 
organisms secreted a vaccinating substance which, when intro- 
duced into the animal, remained stored up in its cells, thus 
protecting the latter against the attacks of the former, has 
been proved to be erroneous by the experiments of Professor 
Bouchard,’ of Dr. Charrin, and myself. These experiments 
showed that the vaccinating substances secreted by the Bacil- 
lus pyocyaneus in the rabbit’s organism were excreted by 


1 Metschnikoff, ‘ Virchow’s Archiv,’ cxiv, Heft 3; ‘Ann. de |’Institut 
Pasteur,’ 1887. 

2 ¢Virchow’s Arch.,’ Bd. cix. 

* Bouchard, ‘ Compt. Rend. de l’Acad. des Sciences,’ 4th June, 1888. 

4 Charrin and Armand Ruffer, ibid., 15th October, 1888. 
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the kidneys almost as soon as they were formed. Moreover, 
Dr. Charrin and myself! have seen that the sterilised blood 
of a rabbit dying after the inoculation of the Bacillus 
pyocyaneus often contained enough vaccinating substance to 
vaccinate another rabbit, provided the sterilised extract of 
blood was injected into the second animal twenty-four hours 
before the Bacillus pyocyaneus was introduced. The first 
rabbit, though saturated with vaccinating substances, was 
unable to resist the attacks of the Bacillus pyocyaneus. 

The animal organism must not be compared to a cultivating 
medium which, after a particular kind of micro-organisms has 
grown in it for some time, contains substances having a harmful 
action on the micro-organisms producing them. The cells of 
an animal react against parasites; the kidneys excrete the poi- 
sons secreted by fungi in the diseased animal, for if the vac- 
cinating substances are thrown out of the animal body the 
poisons producing paralysis, fever, &c., have the same fate.? A 
living being is therefore provided with various means of 
defence against the invasion of microbes which are always 
threatening it. 

M. Metschnikoff’s investigations have undoubtedly thrown a 
new light on this question. He has shown that when patho- 
genic bacilli are inoculated into a vaccinated animal, or into 
an animal belonging to a species which successfully resists the 
attack of that particular kind of bacilli, some of the cells of 
these animals—cells to which he has given the name of macro- 
phages and microphages—fight against their hosts, swallow 
them up, destroy, and digest them. The observer’s eye on the 
microscope is able to follow the struggle for life in all its 
phases. 

M. Metschnikoff has also demonstrated the fact that, if an 


' Charrin and Armand Ruffer, ‘Compt. Rend. Soc. d. Biologie,’ March, 


1889. 

2 Bouchard, loc. cit.; Charrin and Armand Ruffer, ‘Comp. Rend. Soc. d. 
Biologie,’ 1889. 

3 Metschnikoff. The best account of M. Metschnikoff’s early researches will 
be found in ‘ Ann. de l'Institut Pasteur,’ No. 7, 1887. 
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animal be not vaccinated or does not normally possess a certain 
amount of resistance to pathogenic micro-organisms, its cells 
do not try to destroy these fungi, or, if they do make any 
attempts, they only absorb and digest very few of them. The 
parasites then multiply and kill the animal, partly by producing 
mechanical lesions, but mostly by poisoning it with the toxic 
substances they secrete. Vaccination against a contagious dis- 
order, therefore, confers on these macrophages and microphages 
the power of destroying the specific organisms causing the 
disease. 

Now, in the alimentary tract various pathogenic organisms 
are frequently present. Indeed, some of them are constantly 
found there, even in healthy animals. There are few adult 
men who, at some time or other, have not swallowed the bacilli 
of typhoid fever or tuberculosis, though most have experienced 
no evil effects of them. The bacilli of diphtheria and pneu- 
monia have been met with in the mouths of healthy subjects, 
who had never contracted these diseases. The septic vibrio of 
Pasteur is always present in the intestine of the rabbit, though 
unable to get through the walls of the gut. How is it, then, 
that the micro-organisms do not pass into the blood or 
lymphatics ? 

In order to throw light on this question it was necessary to 
see what takes place in the healthy animal, and to observe 
whether the numerous micro-organisms, normally present in 
the alimentary tract, make any efforts to force their way 
through the walls. It is well known that many of the infec- 
tious processes affecting the intestinal tract originate in the 
lymphoid tissues, namely, in the tonsils and Peyer’s patches, and 
accordingly the first investigations concerning the penetration 
of micro-organisms through the intestinal walls have been made 
on the Peyer’s patches (Ribbert and Bizzozero). 

In this paper I shall only speak of the phagocytic processes 
taking place in the lymphoid tissues of the alimentary tract of 
healthy animals, pointing out afterwards how these facts throw 
some light on pathological observations. I must reserve for 
another opportunity an account of investigations as to the fate 
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of pathogenic organisms artificially introduced into the ali- 
mentary tract, or as to that of fungi normally found in the 
intestinal canal when its walls are in any way wounded (stran- 
gulated hernia, &c). 

I must be allowed here to thank M. Metschnikoff, under 
whose direction these investigations have been carried out at the 
Pasteur Institute in Paris. M. Metschnikoff has not only ex- 
amined most of my slides, but he, with the greatest kindness, 
has placed his vast technical and literary knowledge daily 
at my disposal. To M. Pasteur my best thanks are due for 
kindly allowing me to work during many months in the insti- 
tute which has been raised to him during his lifetime as a 
token of respect by a grateful humanity. 


IDE 


The tonsils and Peyer’s patches of animals are described as 
consisting of reticulated connective tissue and lymphoid 
follicles. Each may be considered as a lymphatic gland 
covered by a mucous membrane, and hollowed out by crypts 
lined by the same mucous membrane. 

The mucous membrane of the inner aspect of the tonsil is 
covered by stratified epithelium. Below that epithelium the 
tissue is formed by reticulated connective tissue and closed 
lymphoid follicles. The cavities of the crypts contain epithelial 
cells which have been shed, leucocytes and micro-organisms. 

The lymphoid follicles are joined together by a reticulated 
tissue containing small round cells. The reticulum as well as 
the spaces contained within its meshes, the size of the cells 
contained in them, may be very variable. The round-cells in 
the meshes of the lymphoid tissue divide, as Drews' has shown, 
by karyokinesis. I have also frequently been able to see these 
figures in my preparations. Stohr? has proved that leucocytes 
always wander to the surface of the tonsil and fall into the 
cavity of the mouth. 

The Peyer’s glands are larger or smaller groups of lymph- 

1 Drews, ‘Arch. f. mikros. Anat.,’ vol. xxiv, 1885. 
2 Stohr, ‘Arch. f. path. An. und Phys.,’ xeviii. 
VOL, XXX, PART 4,—NEW SER. ai 
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follicles more or less fused with one another, and situated with 
their main part in the submucosa, but extending with their 
summit to the epithelium of the free surface of the mucosa 
(Klein). They are covered by a single layer of columnar epi- 
thelium, which is invaded by, and more or less replaced by, the 
lymph corpuscles of the adenoid tissue of the follicles (Stohr).' 

Ribbert,” in 1885, noticed that by staining sections of the 
vermiform appendix by Gram’s method numerous micro- 
organisms could be demonstrated in their interior. He further 
made the remark that many of these micro-organisms stained 
badly and showed signs of degeneration. He attributed this 
change to the action of the leucocytes of the Peyer’s patches. 
Bizzozero® confirmed Ribbert’s researches in the same year, 
but thought that the cells containing micro-organisms were 
not ordinary leucocytes, as they appeared to be larger. 

Metschnikoff,* in 1877, examining the mucous covering of the 
surface of the tonsils, found in it numerous leucocytes crammed 
with micro-organisms. 

The tissues which I used for my investigations were always 
prepared in the following way. The animals (rabbits, dogs, 
guinea-pigs) had always been kept in the Institute for some 
days beforehand, and appeared to be perfectly healthy. None 
of them had ever been used before for any experiments what- 
ever. They were chloroformed to death, and as soon as they 
had ceased to breathe the tissues to be investigated were cut 
out and at once plunged into absolute alcohol, in which they 
were kept till properly hardened. 

After being soaked in chloroform, ether, and paraffin they 
were cut after long (forty-eight hours) immersion in the latter. 
I usually at once glued them to the cover-glass with a mixture 
of glycerine and albumin, removed the paraffin with benzine, 
and after washing them for five minutes in absolute alcohol, 
and for an equal period in water, stained them with alum- 


1 Stohr, see Heidenhain, ‘ Pfliiger’s Arch.,’ 1888. 

* Ribbert, ‘ Centrbl. f. Bakt.,’? 1885. 

3 Bizzozero, ‘ D. med. Wochenschr.,’ 1885. 

+ Metschnikoff, ‘ Ann. de |’ Iustitut Pasteur, No. 7, 1887. 
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carmine and gentian-violet, or by some other method (fuchsine, 
Loffler’s blue). 

If the free epithelial border of a rabbit’s Peyer’s patch be 
examined with a high power (Zeiss, oc. 3, obj. imm. 4) it 
is noticed to have been invaded in many places by numerous 
leucocytes. I shall call these leucocytes microphages, on 
account of the power they. undoubtedly possess of taking 
micro-organisms into their interior, and of destroying them. 
Stéhr! had noticed that these microphages (leucocytes) come 
up to the free surface throughout the whole length of the 
alimentary canal. They are, however, present in greater 
numbers between the epithelial cells covering the Peyer’s 
patches than in other parts of the intestine. This is easily 
demonstrated by causing the section to pass through the 
lymphoid tissues and at the same time through the part of the 
intestine surrounding the patch; the microphages being more 
than twice as numerous between the epithelial cells covering 
the lymphoid tissues than between those placed over the 
neighbouring parts of the gut. 

The microphages are sometimes more crowded in the epi- 
thelial lining at the top of the Peyer’s patch; at other places, 
however, many more have emigrated into the epithelial border 
lining the crypts. These microphages are not only present 
near the attached ends of the epithelial cells, but they find 
their way, as Heidenhain? was the first to observe, even up to 
so high a level as the free border of the epithelium, and may 
fall into the intestinal cavity. I have been able to convince 
myself that these views were correct, by making numerous 
microscopical specimens of a recently killed guinea-pig or rab- 
bit’s intestinal contents, in which microphages are almost 
always found. 

So numerous are the microphages between the epithelial 
cells that, at first sight, they sometimes appear to have 
destroyed and taken the places of all the epithelial cells. 


1 Stohr, loc. cit. 
Heidenhain, ‘ Pfliger’s Arch.,’? Supplem. Heft, 1888; ‘Beitr. zur His- 
tologie und Phys. der Diinndarmsclileimhaut.’ 
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On closer examination, however, it is plain that the latter have 
been merely pushed out of the way by the advance of the 
microphages, and crushed by them into the most extraordi- 
nary positions. It is almost always possible to make sure of 
the presence of the epithelial cells by looking for their 
nuclei, which differ greatly in shape and colouration from 
those of the invading microphages. Their nuclei, instead of 
being vertical as they ought to be, are often placed obliquely 
or even horizontally. The striated border of the epithelial 
lining, showing the cells composing it to be present, is also 
intact as a rule in all places, except where the leucocytes are 
actually about to fall into the intestinal cavity. 

The nucleus or nuclei (for many are polynucleated) of these 
microphages are small, and stain deep red with alum-car- 
mine. They are sometimes provided with one or two nucleoli 
which stain more deeply. The intranuclear reticulum is but 
poorly marked and often almost absent. I cannot say for 
certain whether the other large cells which will, under the 
name of macrophages, be described later on, do or do not 
penetrate into the epithelial lining of the rabbit’s or dog’s 
lymphoid patches, as I have never been able to demonstrate 
their presence there with absolute certainty. The guinea- 
pig’s macrophages undoubtedly come right up to the free 
surface. 

The interest of the section increases if the tissue be first 
stained with alum-carmine in the usual way, and secondly 
with gentian-violet according to Gram’s method as modified by 
Weigert. The numerous micro-organisms, varying in shape, 
size, and number which line the intestinal cavity, assume a 
deep violet-blue colour, whilst the nuclei are stained red and 
the protoplasm of the cells of a pale rose colour. The layer of 
microbes does not as a rule actually touch the epithelial lining, 
but is separated from it by a small clear space. It would be 
almost impossible to describe the innumerable forms and sizes 
of these micro-organisms, but special attention must be called 
to the fact that ail the fungi present in the cavity of the 
intestine, if they retain the colouring matter at all, are stained 
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deep violet-blue. Some are, of course, of a slightly darker hue 
than others, but one never sees any degenerated organisms 
such as will be described later on ; these forms of degenera- 
tion being only found in microbes which have been 
taken into the interior of living micro- or macro- 
phages. 

The leucocytes found between the epithelial cells occasion- 
ally contain numerous microbes and are therefore true micro- 
phages. There can be no doubt that the micro-organisms 
really le in the interior of these cells, and not simply above 
or below them. As a rule they do not show any signs of 
degeneration as long as the microphages are still placed 
between the epithelial cells. Most of the microbes present in 
the cells are short, though some of them are of very large size 
(see figs. 8, 8 dts, 9). On the other hand, micro-organisms are 
never found in the epithelial cells except occasionally in one 
which had undergone mucoid degeneration. They are not 
found lying free between the epithelial cells, for, when there, 
they are always enclosed in a leucocyte. On_ superficial 
examination the epithelial cells sometimes appeared to contain 
microbes, but a closer scrutiny showed that these were always 
at a higher or lower level than the latter, and had been carried 
into that position by the knife or by some other artificial 
means. Of course, every leucocyte found in the epithelial 
border does not always contain microbes, but it is only now 
and then that such a one is met with. 

Let it be stated here that these facts may be observed in all 
the Peyer’s patches of rabbits wherever these are present in 
the intestinal canal, but the formation of macrophages and the 
destruction of microbes take place far more actively in some of 
them. ‘The patch placed near the rabbit’s ilio-cecal valve and 
the vermiform appendix are the structures in which these pro- 
cesses are most marked. Whereas in the lymphoid patches of 
the small intestine six to twelve bacilli only may be present in 
one field of the microscope (oc. 3, obj. =4, Vérick), I have 
counted more than two hundred micro-organisms in a single 
field of the deeper layers of the vermiform appendix, 
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If the tissue immediately below the epithelial border be 
now examined other characteristic cells attract the observer’s 
attention. In sections carefully and deeply stained with alum- 
carmine or hematoxylin large mononucleated cells are seen 
lying scattered between the lymphocytes. 

The drawings (figs. 1 to 15) give an exact representation of 
these cells, after the section has been stained with alum- 
carmine and gentian-violet. The size of one of these structures 
when fully developed is enormous if it be compared to that of 
the lymphocytes surrounding them; and, taking into account 
their size and their functions, they must be included under the 
class of cells to which M. Metschnikoff has given the name of 
macrophages. 

The nucleus of a macrophage is always single, varies in size 
according to that of the cell, becoming larger as the latter 
increases, and may be twice or three times the size of that of an 
ordinary lymphocyte (see figs. 1—7, also fig. 10). It is 
sometimes round, more frequently oval, or even of a horseshoe 
shape. The different forms may possibly be due to their being 
cut across obliquely by the knife. The nucleus has often two 
or three nucleoli together with a very fine and delicate reticulum 
staining well with carmine or hematoxylin. The protoplasm 
of the macrophage is quite homogeneous, of a pale rose colour 
after the action of alum-carmine, or of a pale violet hue after 
being stained with hematoxylin. The protoplasm often con- 
tains large vacuoles (see figs. 15, 18, 19). The contours of 
the whole cell are sometimes quite round ; sometimes, however, 
irregular (see figs. 7, 8 dis, 12). The occasional irregularity 
of shape is an argument in favour of the supposition that 
these cells are contractile, and therefore probably mobile, 
having been fixed by the alcohol at a time when, being on the 
march, they had altered their shapes. Other facts to be 
enumerated later on confirm the supposition that these cells 
are mobile structures. 

The contents of these macrophages are interesting to study, 
for in their interior are found dead and living leucocytes, nuclei 
of partially digested leucocytes, together with fragments of 
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such nuclei, micro-organisms healthy and digested, &c. (see 
further on). 

The lymphocytes in the Peyer’s patches have been described 
as small mono- or poly-nucleated cells, with nuclei staining 
uniformly and deeply with carmine. The nuclei are surrounded 
by a small amount of protoplasm of a pale rose colour. More 
careful examination, however, of the lymphoid tissue reveals 
the presence of other mononucleated lymphocytes, differing 
only slightly at first from the other cells surrounding them. 
The nucleus of these cells is somewhat paler and its reticulum 
slightly more apparent, though the protoplasm may not be at 
all increased in size as yet (see fig. 1). Other cells possess a 
nucleus which is again slightly larger, paler, and more vesi- 
cular than the latter, as if the nuclear juice had increased at 
the expense of the solid part of the nucleus (see fig. 2). 

It would be very easy to mistake these structures, represent- 
ing the initial stages of the formation of macrophages, for 
ordinary leucocytes. The nucleus of others shows a further 
augmentation, becoming more oval and more like a vesicle in 
shape (see figs. 3, 4), whilst the protoplasm surrounding it also 
becomes more abundant (see figs. 5, 6), the whole cell becoming 
larger. Lastly, the nucleus and protoplasm become enormous 
(see figs. 7, 8, 8 bts), and the macrophage is formed. All the 
stages in the development of the macrophage may thus be fol- 
lowed in the Peyer’s patch. The macrophage is merely a 
lymphocyte which has assumed a new shape, and, as we shall 
see, a new function. These cells greatly resemble those found 
by Heidenhain! in the villi of the guinea-pig. True macro- 
phages are not present as a rule in the rabbit’s villi, but they 
are found in great numbers in the Peyer’s patches, as well as 
in the tonsils of many animals. 

The macrophages are not scattered in the same numbers 
throughout the whole Peyer’s patch. They certainly do ad- 
vance right up to the attached border of the epithelial cells, 
but the superior layers do not contain them in great numbers, 
few only, two to five, being seen in one field of the microscope. 

1 Heidenhain, loe. cit, 
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Occasionally a field may be found in that situation in which 
they are totally absent. They are not very large as a rule 
when found near the epithelial lining, though they often already 
contain leucocytes in their interior, together with microbes ina 
more or less advanced stage of degeneration. Few microphages 
are seen in the middle layers of the patches, but the deeper 
layers are crowded with them. One field of the microscope 
(Vérick, oc. 3, obj. imm. 74) may contain ten, fifteen, or more 
of these gigantic cells, crammed almost to bursting with leuco- 
cytes and digested micro-organisms. In some places three or 
more are huddled together, forming a kind of nest, which at 
first presents an extremely puzzling appearance (see fig. 14). 
One might almost suppose that they formed a kind of rear- 
guard, posted in the depths of the lymphoid tissues in order to 
defend the organism against the attacks of microbes. These 
cells are, however, but seldom found quite in the lowest depths 
of the patch, for in most cases there is a layer of five or six 
lymphocytes between the lowest macrophage and the submucous 
tissue. 

The macrophages found close to the epithelial lining often 
contain micro-organisms only without any leucocytes (see 
figs. 8, 8 dis), and hence I am inclined to think that, although 
unable to prove it, the macrophages actually wander to the 
surface after their prey just as they do in the tonsils. On the 
other hand, it might be assumed that microphages containing 
microbes have been swallowed by macrophages, but that the 
cellulose covering of the bacilli protected them in a more effi- 
cient way against the digestive action of the large cells, the 
microphages being digested far more quickly. Both explana- 
tions are probably correct. | 

It has been stated already that microphages wander as far 
as the free surface of the intestines, and there seize on micro- 
organisms. Inthe superficial layers below the epithelial lining 
a few of these microphages are always present, the micro- 
organisms in their interior staining sometimes normally with 
aniline dyes, sometimes presenting signs of being partially 
digested. Some microphages are still free, others (intracellular 
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microphages) are found in the interior of macrophages. These 
cells, after their inclusion in the larger ones, almost always 
show signs of having been partially digested. In the deeper 
strata, in which the macrophages are most numerous, the number 
of intracellular macrophages is often enormous. 

It is interesting to know whether the macrophages are able 
to take healthy leucocytes into their interior or only those 
already weakened by the struggle with the micro-organisms 
they contain. Now, if the leucocytes which are wandering 
about in the patch be carefully examined, after staining with 
alum-carmine, it will be noticed that the protoplasm of some of 
them is of a dirty yellow colour, whilst their nuclei are somewhat 
deformed and contain colouring matters unequally, the whole ceil 
showing an early stage of degeneration. On the other hand, 
some leucocytes contained in macrophages appear to be perfectly 
healthy. The fact that I have been able to see similar macro- 
phages containing leucocytes within their interior in the rabbit’s 
mesenteric glands, and also in the spleen, leads me to conclude 
that macrophages are able to take into their interior and digest 
apparently healthy leucocytes. Nevertheless it is a fact that 
many of the intracellular leucocytes are microphages loaded with 
micro-organisms (see figs. 9, 10, 13, 14, 15); and it is plain that 
the ptomaines and other poisons secreted by these lower forms 
of life must exert a deleterious influence on the cells containing 
them, and so weaken these structures, making them less 
capable of resisting the attacks of the macrophages. I think, 
therefore, that although the macrophages are able to take into 
their interior and destroy leucocytes which are to all appear- 
ances still healthy, yet they show a preference for the cells 
already weakened from some cause or other ; for instance, the 
microphages, the vitality of which has been lowered _by the 
secretions of the microbes contained within their interior. 

The intracellular leucocytes undergo the following re- 
markable changes (alum-carmine and Weigert’s method). The 
nuclei first become oblong, pointed, and irregular in shape 
(see fig. 10a). At the same time the protoplasm of the cell 
stains of a characteristic yellowish-grey colour (see figs. 10, a, 
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13, a). Occasionally two or more nuclei of the same cell are 
joined together by a bridge of protoplasm, which stains red, 
whilst in other cases the nuclei become extremely irregular 
(see figs. 11, a, 18, a). In later stages the nuclei lose their 
power of retaining the colouring matter, part of the nucleus 
staining deep red, whilst the remainder is rose coloured or 
yellowish-grey (see figs. 10, 6, c, 11, 6). At the same time 
the protoplasm of the cell becomes of a yellowish-grey colour, 
and looks as if swollen up and increased in size (see fig. 11, ¢, d). 
A later stage is characterised by the fact that the nuclei lose 
their power of retaining colouring matters at all, and form 
small greyish-brown masses (see fig. 11, e, f). Then the nuclei 
finally disappear, and the leucocytes are represented by greyish 
round masses which may or may not contain bacilli in their 
interiors (see figs. 9,a@; 10,d; 11,9; 12, a,6,c; 18,6; 14, a, 6, 
c, d, e, f,g; and 15,a, 6). Many of the degenerated leucocytes 
are surrounded by a clear space or vacuole (see figs. 10, 8, 
13, a). Nuclei ofter appears to offer greater resistance to the 
digestive power of the macrophages, for partially digested 
nuclei of leucocytes are found in these large cells, at a time 
when the remainder of the cell has already disappeared (see 
fig. 10,4,c). These fragments of nuclei are often also surrounded 
by a vacuole (see fig. 10 8). 

Vacuoles now appear in the intracellular dead leucocytes 
(see fig. 10, d), or else the cell looks as if its peripheral parts 
were being slowly eaten away (see fig. 14,h,7). The half- 
digested cells now become very irregular in shape, whilst the 
vacuoles increase in size and number. Lastly, the cells become 
smaller through this process of digestion, more and more irre- 
cular at the same time, and the dead leucocytes are finally 
represented by small masses of dirty-looking yellowish-green 
protoplasm (see figs. 12,e; 18, ¢,d,e; 14,7, 4, l). 

It is impossible to say for certain whether the larger macro- 
phages absorb and digest the smaller ones. But although 
unable to follow the stages of this process, I have often seen in 
the larger cells débris of nuclei, greatly resembling those of 
the small macrophages ; so that this same inclusion and intra- 
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cellular digestion is probably true for them also (see figs. 10, e; 
12, f; 1S5 pe 

The intracellular destruction and digestion of micro- 
organisms taking place in the interior of the Peyer’s patches 
remain to be described. Few micro-organisms only are seen 
in the tissues near the epithelial border, or in the upper and 
middle layersof the patch. The deep, though not the deepest 
parts of the patch, contain the largest number of them, and 
in the rabbit they are found there in almost incredible numbers; 
150, 200 or more in one field of the microscope (Vérick, oc. 3, 
obj. immers. ;4,). Careful staining reveals the fact that all 
the micro-organisms are in the interior of the cells, and never 
lying free between the cells; never in the vessels or in the 
submucous muscular and peritoneal coats, or even in the 
deepest layers of the lymphoid tissue. The lymphoid tissue 
might be compared toa filter, or more aptly to a battle-ground 
for cells and micro-organisms; the former always proving 
victorious in healthy animals. 

Some of the micro-organisms found within the cells react 
normally to the colouring matter (see fig. 8, a, b, c) (Weigert’s 
method), but others show the following changes. Some stain 
of a paler colour, but uniformly (fig. 15, a, 3), whilst others 
do not retain the colouring matter at all in the centre, though 
the peripheral parts still react normally staining to reagents 
(fig. 15, y, 6). Others present a mottled appearance (fig. 9, a), 
whilst others, again, resemble strings of micrococci as their 
different parts take up the gentian-violet unequally. Some 
bacilli deeply stained at each end show acentral part which is 
quite pale and almost colourless (fig. 10, a). Others, again, 
are irregular in shape (figs. 15, 6, 14, a). It is quite possible 
that the mode of decolouration varies according to the kind of 
micro-organisms, to their vitality, or according to the digestive 
power of the micro- or macro-phage containing them. 

In a more advanced stage of degeneneration the micro- 
organisms lose their power of absorbing and retaining aniline 
dyes, but take up alum-carmine or logwood instead. Some of 
them are then of a pale-red or even deep-red colour (figs. 8, 6, 
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13, a). Sometimes part of a bacillus is stained with 
carmiue, the other part taking up gentian-violet, and a bacillus 
may be thus formed of little points staining red and blue 
alternately. 

In a still more advanced stage the micro-organisms do not 
retain either carmine or gentian-violet, and appear as little 
rods or dots, which are extremely pale, and look like the 
shadows of microbes. The rods then breaking up, finally become 
granular, irregular in shape, and refract light somewhat more 
strongly. That is the last stage of the intracellular destruc- 
tion of micro-organisms, , 

If the reader will turn to the descriptionsthat M. Metschnikoff 
has given of the intracellular destruction of micro-organisms 
in pathological conditions, he will see how closely the physio- 
logical processes as seen in the Peyer’s patch resembles the 
pathological one; how, in fact, both are one and the same 
process. 

A few words may now be said concerning the phagocytic pro- 
cesses in the dog’s and guinea-pig’s Peyer’s patches. Macro- 
phages are always present in these as in the rabbit’s lymphoid 
organs, but they are rather scarce compared with the numbers 
found in the latter. Micro-organisms undergoing the process 
of intracellular digestion are found in them also, but in lesser 
numbers than in the last-named animal. Moreover, it is a 
peculiar fact that, whereas the microbes in the rabbit’s tissues 
stain readily with Gram’s method, this is not the case with 
those found in the dog’s or guinea-pig’s cells. T'o demonstrate 
their presence in these animals, various reagents have to be 
used (e.g. Loffler’s blue, fuchsine, methyl-violet, &c.). Even 
then, however, they retain the colouring matter badly, and are 
always pale, and almost colourless. It is probable, that, if 
micro-organisms appear to be less numerous in the dog’s and 
guinea-pig’s Peyer’s patches, this is merely due to our methods 
for staining intracellular micro-organisms being as yet very 
imperfect ; for, although few healthy microbes appear to be 
present, a number of degenerated ones were seen, more espe- 
cially in the guinea-pig’s macrophages. In the macrophages 
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of the guinea-pig’s small intestine likewise I have also 
frequently seen micro-organisms. These, however, are difficult 
to stain, and only assume a pale red colour even when subjected 
to the action of a strong fuchsine solution. 


It has already been stated that many leucocytes force their 
way through the epithelial layer of the rabbit’s tonsils to the 
free surface of these organs. These mono- and poly-nuclear 
leucocytes resemble, both in shape and function, those coming 
to the epithelial border of the rabbit’s Peyer’s patch. They 
sometimes contain in their interior small masses of carbon and 
other extraneous matter which they have evidently fetched from 
the free surface of the tonsils; for it is impossible to explain, 
by a mere passive process, the penetration of these dead and 
indigestible matters into the interior of the cells. 

The dog’s leucocytes, near the free surface of the tonsils, are 
often quite full of these ‘masses of carbon and extraneous 
substances. The greater amount of foreign matter in the 
leucocytes of the dog’s tonsils may, I think, be accounted for 
in the following manner. In the first place, rabbits breathe 
through the nose only, whereas dogs breathe through the 
mouth also. Hence a larger quantity of inhaled dust must 
pass over the dog’s tonsils, remain fixed there, and ultimately 
be carried away by the animal’s leucocytes. In the second 
place, rabbits feed on clean vegetable food which contains but 
little dust or foreign matter. Dogs, on the other hand, roam- 
ing about the streets, not only poke their noses into most dirty 
places, but have a habit of taking as food all kinds of refuse. 
Some of the dust, coal, &c., covering that filthy food, must 
stick to the mucous surface of the tonsils and become a prey 
of the ubiquitous leucocytes. 

More minute examination of the epithelial layer covering 
the rabbit’s tonsils reveals the presence of other and much 
larger cells. These have a single clear nucleus staining of a 
rose colour with alum-carmine, and contain in their interior 
peculiar and characteristic yellowish-grey round bodies. 

These large cells exactly resemble aud are indeed macro- 
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phages, similar to those found in the Peyer’s patches, the 
intracellular yellowish-grey bodies being simply digested leuco- 
cytes. It would be a useless repetition to describe here again 
the formation of these cells. All that need be said is, that 
they are developed from the lymphocytes of the tonsils in the 
same way that the macrophages of the Peyer’s patches are 
developed from the small round-cells of the lymphoid tissues. 
They never attain quite the same size in the tonsils as in the 
intestines, but they appear to be more mobile as they are met 
with close to the free surface. Although present in the 
lymphoid tissues of the tonsils they are not very numerous 
there. 

The macrophages of the dog do not, as a rule, advance into 
the epithelial layer, but huge agglomerations of macrophages, 
forming nest-like masses of cells, are often found just below 
the epithelial border. These macrophages are crammed with 
dust, carbon particles, and all kinds of foreign matter (figs. 
IG, a,b 17, a, 0,.¢,a3 18, a; 19, a). They also contain 
dead leucocytes, together with the extraneous matter which 
the latter had fetched from the surface (figs. 17, e, f, g; 
18 c, d; 19,6). These agglomerations of cells are some- 
times so large that, on cutting across a dog’s tonsil after 
soaking it in paraffin, small black dots are seen with the naked 
eye, which prove to be masses of these large cells. These nests 
resemble, in all particulars, those found in the rabbit’s Peyer’s 
patches. 

If the sections be stained with Loffier’s blue or gentian-violet, 
some of the macrophages in the rabbit and dog are found to 
contain numbers of micro-organisms (see figs. 18 and 19). 
These are generally micrococci, though bacilli are also found. 
Some of these micro-organisms present normal staining re- 
actions, but others do not retain aniline dyes and show all the 
appearances of intracellular digestion which have heen described 
in the Peyer’s patches. Although unable to obtain a man’s 
fresh healthy tonsils, I have, in three healthy men and one 
woman, met with many leucocytes full of microbes on examining 
the mucus removed from the surface of these lymphoid organs. 
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The pathology of the tonsils has not attracted sufficient 
attention as yet, in spite of the fact that clinicians know that 
many of the local infectious processes in the neck, and some 
general septic diseases, follow on primary inflammation of the 
lymphoid organs of the mouth. Although Ludwig! in his 
paper on cellulitis of the neck did not state that this was 
often secondary to primary disease of the tonsils, Cnopf* 
showed in 1849 that the pathological condition known as 
angina Ludovici was frequently preceded by inflammation of 
these lymphoid organs. Von Thaden® in 1872 also noticed 
this sequence of events. Bickel* believed that the lymphoid 
tissue of the throat arrested infectious processes, and he tried 
to show that to this arrest was due the great number of 
infectious processes localised in these parts, and in the por- 
tions of the pharynx possessing a large amount of lymphoid 
tissue. Trousseau, using his characteristic descriptive lan- 
guage, said that infectious disease loved the throat. 

Though a septic process may begin and end in the tonsils, 
it is sometimes followed by a general infectious disease. 
Bergen,’ as early as 1757, noticed that in some epidemics of 
tonsillitis inflammation of the testicles came on, after that of 
the lymphoid organs of the mouth. In 1880, Professor 
Bouchard® stated that he had on four occasions seen tonsillitis 
followed by infectious nephritis, the urine in two cases con- 
taining numerous micro-organisms. In one case the patient 
fell into a typhoid state and died. Bouchard has also noticed 
temporary albuminuria during the course of tonsillitis. Mr. 
Berkeley Hill’ has recorded a case of angina Ludovici with 
tumefaction of the left tonsil which was accompanied by 

1 Ludwig, ‘ Wirt. Corr. Blatt.,’? 1836, t. iv, No. 4. 

? Cnopf, ‘ Deut. Klinik von A. Joschen,’ 1849. 

3 v. Thaden, ‘Schmidt’s Jahrbiicher, 1872. 

4 Bickel, see Balme, ‘ Thése de Paris, 1888. 

° Bergen, ‘ Nova acta phys. nat. curiosorum,’ t. i, 1757. 


® Bouchard, ‘ Legons sur les maladies de la nutrition,’ lre édition. 
7 Berkeley Hill, ‘ Brit. Med. Journ.,’ 1881. 
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albuminuria. Bouchard! has described cases followed by 
pseudo-rheumatism, and Joal? has seen ovaritis and orchitis 
come on after inflammation of the tonsil. 

Whether the micro-organisms of pneumonia or scarlet fever 
penetrate or not through the tonsils is an open question, but 
there can be no doubt that the Bacillus diphtheriz often 
attacks the tonsils primarily. The first diphtheritic patch 
frequently appears on the tonsils, and the researches of MM. 
Roux and Jersin® have proved that diphtheria is a local dis- 
ease starting and localised in the mucous membrane, the 
severe general symptoms being produced by the soluble 
poisons secreted by pathogenic organisms, which are absorbed 
and then circulate in the blood of the diseased animals. 

Occasionally, however, the local diphtheritic process opens 
the way to other microbes. Thus, Léfflert has reported two 
cases of diphtheria in which, after the patients had died, he 
found streptococci in the heart, liver, spleen, and kidneys. In 
one of these the diphtheria was the primary disease, in the 
other it came on during an attack of scarlet fever. 

Heubner and Bardt,> G. Crooke,® Fraenkel and Freude- 
berg,’ have also put similar facts on record. Fraenkel® has 
lately reported two very interesting cases of general infection 
following disease of the tonsils. In the first of these, a retro- 
pharyngeal abscess following disease of the right tonsil sank 
into the pericardium, the patient dying of purulent pericar- 
ditis, a right purulent and a left semi-purulent pleurisy being 
also found at the post-mortem examination. The second case 
was one of diphtheria of the larynx and pharynx, at subse- 
sequent ulcerous endocarditis. 

Now, pathogenic organisms are constantly found in the 


1 Bouchard, loc. cit. 

2 Joal, see Balme, loc. cit. 

3 Roux and Yersin, ‘ Annal. de l'Institut Pasteur,’ 1888. 

4 Loffler, ‘ Mitthei!. a. d. kais. Gesammt.,’ Bd. 1, 1884, p. 451. 
5 Heubner and Bardt, ‘ Berlin. klin. Wochschr., 1884, No. 44. 
6 G. Crooke, ‘ Fortschr. d. Med.,’ 1885, No. 20. 

7 Fraenkel and Freudeberg, see Fraenkel. 

8 Fraenkel, ‘ Zeitschr. f. klin. Med.,’ Bd. xiii, Heft i, p. 14. 
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mouths of healthy subjects even. Staphylococci have been 
isolated from the normal saliva by many observers, the 
micro-organism producing pneumonia also, whilst Loffler! has 
cultivated the Bacillus diphtheriz from a healthy child’s 
mouth. 

These microbes must, of course, pass over the tonsils, but if 
they try and penetrate into the tissues of that organ they are 
at once seized upon and destroyed by the micro- and macro- 
phages. But if an animal be at all ailing, it is probable 
that its cells are unable to exert their phagocytic action 
and that the micro-organisms multiply in the interior of the 
tonsils. 

This theory is based on clinical and experimental data. 
That peculiar infectious process termed hospital sore-throat 
does not attack all people living in hospitals, but only those 
whose health is deteriorated by overwork, a previous attack of 
the same disease, or some other reason. Local remedies do 
but little good, but if the general health be looked after the 
disease is cut short at once, and the phagocytes of the 
pharynx and tonsils make short work of the pathogenic mi- 
crobes. 

Dr. Charrin and myself* have lately attempted to demon- 
strate the influence of the nervous system on the production of 
an infectious disease. We had noticed that if 1 c.c. of a culture 
of the Bacillus pyocyaneus was injected into the trachea of a 
healthy rabbit, the animal thus inoculated suffered no evil effects 
either immediate or remote. After ascertaining that the 
section of one pneumogastric nerve produced no evil effects we 
introduced, two days after the nerve had been cut, } c.c. of a 
culture of Bacillus pyocyaneus intothe trachea. We found 
that in two animals out of seven death supervened, and that 
the five others were very ill on the day following the injection, 
did not take any food, and remained huddled together in one 
corner with shaggy coats and difficult respiration, the symptoms 


1 Loffler, loc. cit. 
? Charrin and Armand Ruffer, ‘Compt. Rend. Soc. d. Biol.,’ March, 1889. 
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disappearing after five to seven days only. Now, M. 
Tchistowitch! has recently shown that when harmless micro- 
organisms are injected into the trachea, the phagocytes of the 
lungs take them into their interior, kill and digest them; 
whilst pathogenic bacilli, such as those of the cholera of fowl], 
force their way between the cells, pass into the general circu- 
lation, and multiplying greatly, finally kill the animal. We 
may suppose, therefore, that as long as the lungs are in their 
normal state their phagocytes are able to kill and digest the 
Bacillus pyocyaneus, but that the same cells are unable to 
fulfil their task when the nerve is cut. 

M. Pasteur many years ago showed the influence of cold in 
the production of an infectious disease. 

The struggle between micro-organisms and the animal cells 
is a physiological process always going on in the tonsils, the 
microphages and macrophages being victorious in the healthy 
animal. If these structures are weakened.from any cause, e.g. 
over-fatigue, cold, nervous shock, a local disease follows the 
multiplication of micro-organisms in the tonsils. An increased 
emigration of phagocytes may limit the process to the tonsils 
even then, or the micro-organisms may break through the 
barrier of these cells, invade the animal body, and the disease 
become a general one. 

The same struggle goes on in the healthy Peyer’s patches like- 
wise, and the presence of microbes in the normal structure ac- 
counts for the fact that infectious processesin the intestines begin, 
as a rule, in these lymphoid tissues. Hereagain some pathogenic 
organisms are often present, others constantly so, but their 
mere presence is not sufficient to set up disease. The septic 
vibrio in the rabbit’s intestine does that animal no harm; the 
bacilli of tubercle and typhoid, which most men ingest at some 
time or other, prove innocuous asa rule, that is as long as men 
are healthy. But here, as in the tonsils, over-fatigue, deficient 
food or oxygen may weaken the animal’s resistance, that is, 


1 Tchistowitch. At the time of writing M. Tchistowitch had not 
published his paper. Thanks to his kindness I was able to see his very in- 
teresting preparations at the Pasteur Institute in Paris. 
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the animal’s phagocytes may be unable to do their work of de- 
struction properly, and a local or general infection follow. 

The pathology of infectious disorders of the alimentary tract 
must be re-studied from that point of view. The pathologist must 
now see how the micro- and macro-phages react when typhoid, 
tubercle, or other micro-organisms have found their way into 
the intestinal walls. And he must also study the processes 
going on in these structures when the walls of the alimentary 
tract are wounded by pressure from within or from without. 
These and other problems will receive a satisfactory answer 
only if pathological observations in the post-mortem room be 
combined with experimental investigations. 


Conclusions. 


1. The wandering cells of the lymphoid tissues of the ali- 
mentary canal have the power of proceeding to the free surface 
of such tissues and of taking into their interior lower micro- 
organisms and foreign matter (charcoal, &c.). 

2. There are two kinds of wandering cells in the lymphoid 
tissues of the alimentary canal : 

a. Microphages (small mono- or poly-nucleated cells). 
6. Macrophages (large mononucleated cells). 

3. The macrophages are developed from the small mono 
nucleated lymphocytes. 

4, Macrophages are able to swallow microphages (leucocytes) 
and to destroy and digest them. 

5. The micro-organisms are rapidly destroyed in the interior 
of the micro- and macro-phages. 

6. Micro-organisms are never found lying free between the 
cells or in the blood-vessels and lymphatics. 

7. The destruction of micro-organisms taking place in the 
normal lymphoid tissues of the alimentary tract resembles in 
all particulars the destructive process following on the inocu 
lation of pathogenic organisms into resistant animals. 
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EXPLANATION OF PLATE XXXII, 


Illustrating Mr. Armand Ruffer’s paper ‘‘ On the Phagocytes 
of the Alimentary Canal.” 


For particulars see text. 


Fics. 1—7 represent the stages in the development of a macrophage. 
(Zeiss, 3 + +5.) 

Fig. 1. Lymphocyte. The nucleus is somewhat paler and more reticu- 
lated than other mononucleated cells. (Zeiss, id.) 

Fig. 2. Lymphocyte, with a slightly larger nucleus. (Zeiss, id.) 

Fig. 3. The nucleus is increased in size and contains several nucleoli. 
The amount of protoplasm is also larger. (Zeiss, id.) 

Fig. 4. Shows some increase in the amount of protoplasm. (Zeiss, id.) 

Fig. 5. Nucleus and protoplasm are both much larger. (Zeiss, id.) 

Fig. 6. Smaller macrophage. (Zeiss, id.) 

Fig. 7. Macrophage irregular in shape. a. Nucleus with well-marked 
nucleolus (2), and intranuclear network. c. Protoplasm. (Zeiss, 
Ae) 

Fic. 8.—Macrophage. a, 8, y. Healthy bacilli. 6. Partially digested 
bacillus. (Zeiss, 4 + =.) 

Fig. 8 dis.—Macrophage containing bacilli. (Zeiss, id.) 

Fic. 9.—Macrophage containing a partially digested macrophage (a), which 
had taken into its interior and digested a bacillus (a). (Zeiss, id.) 


Fie. 10.—Macrophage. a, d. Partially digested leucocytes. 4, c, e. Frag- 
ments of partially digested nuclei. 4, c. are surrounded by vacuoles. a. 
Partially digested micro-organism. (Zeiss, id.) 

i ie. 11.—Macrophage, containing :—a, 4, e, f Nuclei in more or less 
advanced stages of degeneration.  ¢, d, yg. Partially digested leucocytes. 
(Zeiss, id.) 

Fie. 12.—Macrophage, containing:—a, 6, ce, d, e. Leucocytes in various 
stages of intracellular destruction. Nucleus of digested macrophage ? 
(Zeiss, id.) 

Fie. 13.—Macrophage, containing :—a. Partially digested leucocytes, sur- 
rounded by a vacuole. ‘Two healthy bacilli are found in its interior. 4, Di- 
gested microphage with degenerated bacillus (a).  ¢, d, e. Remnants of 
digested leucocytes. Partially digested nucleus (macrophage ?). (Zeiss, 
3 + qs)- 
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Fie. 14.—A group of three macrophages, containing :—a, ¢, g, #. Micro- 
phages with more or less digested intracellular bacilli. Notice especially a 
very irregular bacillus (a). 4, d, ef A, i, &, 7. Leucocytes in various stages 
of destruction. (Zeiss, id.) 

Fie. 15.—Macrophage, containing:—a, 4. Microphages. y, 6, point to 
partially digested bacilli. a, 6. Bacilli in the early stage of intracellular 
destruction. ec. Vacuole. (Zeiss, 4 + 5.) 

Fic. 16.—Macrophage, containing :—a, 4, c. Particles of foreign matters 
(coal, dust). (Zeiss, 3 +  ;.) 

Fic. 17.—Macrophage, containing :—a, 4,c, d. Particles of foreign matters. 
e,f, g. Partially digested leucocytes. (Zeiss, id.) : 

Fie. 18.—Macrophage, containing :—a. Small particle of charcoal dust. 
c, d. Partially digested leucocytes. (Zeiss, id.) 

Numerous micrococci are lying scattered throughout the macrophage. 
e. Points to the nucleus. . Points to the vacuole. (Zeiss, id.) 

Fie. 19.—Macrophage, containing :—a. Particle of charcoal. 4. Leucocyte, 
with an included charcoal particle. c. Vacuole. 

Micrococci in various stages of degeneration are scattered in the cell. 
(Zeiss, id.) 

(N.B.—The macrophages in Figs. 1 to 15 were all drawn from the 
rabbit’s (Peyer’s) patch, after staining with alum-carmine, and Gram’s 
method. The Figs. 16 to 19. were drawn from the dog’s tonsil, after 
staining with Léffler’s blue. The contours of the macrophages and of their 
contents were always drawn with the help of the camera lucida.) 
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Notes on the Hydroid Phase of Limnocodium 
Sowerbyi. 


By 


G. Herbert Fowler, B.A.Oxon., Ph.D., 
University College, London. 


With Plate XXXII. 


THOUGH it is now nine years since the discovery of Limnoco- 
dium in the Victoria Regia tank of the Royal Botanic Society 
in Regent’s Park, no certain knowledge of the course of its 
life-history has yet been obtained, owing to the peculiar cir- 
cumstances under which it occurs, and to the briefness of its 
annual existence. For various reasons I have only attempted 
the problem from one side; with the view, namely, to deter- 
mine whether an already known hydroid polyp occurring in 
the same tank with the medusoid bore any relation to it or 
not. 

The medusoid reappeared on May 10th, 1888; débris of all 
sorts was at once collected from the tank, in which the 
hydroid was found in quantities. By great good fortune, in 
the course of the following day two specimens of the hydroid 
were found to be undoubtedly throwing off medusoids. Of 
these, the one isolated in order to undergo further develop- 
ment died shortly, and was not available for minute examina- 
tion; the other was at once preserved. Further material, 
comprising several hundred specimens of the hydroid, was 
constantly examined till the end of July, 1888; but no further 
gemmation of medusoids took place. As, in spite of constant 
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and careful search during April, May, and half of June in this 
year (1889), neither hydroid nor medusoid could be found, I 
publish this incomplete account in the hope that the re- 
mainder of the life-history may be worked out in some future 
year, should this interesting form reappear.! 

The hydroid was originally observed by Mr. F. A. Parsons 
(‘ Proc. Quekett Microsc. Club’ (2), ii, p. 125), but was first 
described in a short note by Professor A. G. Bourne (‘ Proc. 
Roy. Soc.,’ 1884, p. 9), who had discovered it independently, 
and regarded it as a probable stage in the ontogeny of Lim- 
nocodium. This remarkable polyp was in 1888 distributed 
over the whole of the tank, attached to stems and leaves, bits 
of dead wood, and alge, generally in little permanent colonies 
of two or three individuals branching from a common base. 
It is a simple cylindrical tube, about 6 m.m. long, with a 
minute mouth, and is always devoid of tentacles; but, in spite 
of their absence, catches and swallows small Crustacea and free 
Nematoda. No perisarc is secreted, but it forms a loose case 
of vegetable detritus, beyond which the oral end always pro- 
jects. The ectoderm is but little differentiated ; a cap of cubic 
cells at the oral end passes into more flattened cells over the 
general surface, and at the base of attachment are longer 
columnar cells. The nematocysts, as in Hydra, are of two 
kinds, the one oval with an unbarbed thread, the other and 
larger flask-shaped, like that of Millepora, and barbed. The 
mesoglcea lamina is so thin as to be practically unrecognis- 
able. The endoderm is divisible into two regions, which pass 
imperceptibly into each other ; the cells of the upper third are 
highly vacuolated and clear, those of the lower two thirds are 
filled with very brilliantly staining spherical bodies of varying 
size. It is from this latter region alone that gemmation of a 
new hydroid takes place, and the endoderm of the bud con- 
sists only of these cells. As the bud when freed does not 
develop a mouth for some little time, and from their refrin- 
gent and deeply-staining appearance, it is possible that these 
granules are a store of reserve nutriment. Besides the cells 


1 The medusa did not reappear at all this year—November, 1889, 
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of undoubted endoderm and ectoderm already mentioned, 
there occurs, round the mouth of the adult polyp internally, a 
little mass of deeply stained non-vacuolated cells of which the 
outlines are only rarely distinguishable. They resemble the 
ectoderm more than the endoderm, but are not exactly con- 
tinuous with either layer, and occur in all specimens of the 
hydroid all through the summer, except in the most recently 
budded examples; they possibly correspond to the “ Glocken- 
kern,’ or primary ingrowth for medusoid gemmation, but 
whether they are ectodermal or endodermal in origin there is 
no evidence to decide. 

The gemmation of a new hydroid polyp presents no very 
special features ; the bud differs from the parent only in the 
uniform cubic shape of the ectoderm cells, in the absence of a 
mouth, of nematocysts, and of the little mass of cells round 
the mouth just mentioned, and in the non-differentiation of 
the endoderm into two regions. The adventitious case of the 
parent is not continued on to the bud, but is acquired by it 
when freed. The bud may either remain attached to the 
parent, or may be nipped off and settle close by, its tissues in 
either case gradually undergoing the differentiations which 
characterise the adult. 

On the gemmation of the medusoid I have unfortunately but 
few details to offer, for reasons already mentioned ; the process 
is diagrammatically represented in fig. 8. In the sole spe- 
cimen available for sections the medusoid was formed at the 
apex of a polyp, and measured about °180 in diameter; in the 
first specimen its relations were not quite clear. The outer 
layer of ectoderm calls for no comment; at the apex it has 
apparently grown inwards to form (1) a solid plug of cells, 
which doubtless represents the preumbral lid of Lankester, 
and (2) separated from this plug by a thin line (? limiting 
membrane), and apparently composed of similar but more 
vacuolated cells, a somewhat globular mass, in which is already 
recognisable an excavation to form the subumbrellar cavity. 
Immediately over the surface of the manubrium these ecto- 
dermal cells show traces of differentiation into the flattened 
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epithelium of the adult. These two masses of ectoderm no 
doubt represent the “ Glockenkern” or entocodon, ‘“ that im- 
portant organ by means of which the cecal bud becomes trans- 
formed into the medusa, the growth of ectoderm at the tip of 
the bud, already noted and described by so many authors under 
various names, which presses on the endoderm tube, and thus 
produces a hollow goblet-shaped reduplication of endoderm, 
from which proceed the endodermal structures of the medusan 
bell” (Weismann, ‘ Entsteh. Sexualzellen Hydromed.,’ p. 16). 
In the endoderm the radial canals, the core of the manubrium 
and its cavity (esophagus) are already differentiated. At the 
present apex of the medusoid is a slight depression, the edges 
of which are thrown into short conical processes, consisting of 
ectoderm with a solid endodermal core ; these may represent 
either the folded edges of the velum, or more probably, since 
in the youngest free medusoids observed by Lankester the 
velum was not distinguished, the rudiments of the future ten- 
tacles ; there are about eight of them. On each side of the 
cesophagus is a small blind tube in the substance of the manu- 
brial endoderm, which was apparently natural. The mesoglea 
lamina was indistinguishable. 


With the certain knowledge that the medusoid is the product 
of a hydroid, the possible alternatives which the life-history of 
Limnocodium may present are reduced to three!: either (1), 
as Brooks suggests (‘ Mem. Boston Soc. Nat. Hist.,’ iii, p. 385), 
the present stock is due to the introduction into the tank of 
hydroid individuals capable of budding only male medusoids, a 
process repeated year by year; or (2) female medusoids are 
formed on the hydroid stocks, but are never freed; or (8) 
Limnocodium may be an instance of some such reproductive 
method as the “sporogony” described by Metschnikoff in 
certain Cunine (‘ Embryologische Studien an Medusen’). In 


1 So many hundreds of medusoids have been examined at all times of the 
year, that it is most improbable that the existence of free females should 
have escaped notice. 
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three or four species of Cunina, Metschnikoff found that im- 
mature sexual cells separated themselves from the generative 
organs, both in males and females, and proceeded to multiply ; 
that one of these cells became engulfed by another, and, thus 
protected, divided and re-divided to form a morula, which under 
certain circumstances developed into a medusa. Such a “male 
parthenogenesis” may occur in Limnocodium, and would 
account for several facts otherwise inexplicable. 

The evidence on the matter is unfortunately but slight. 
Against the view of Brooks may be urged (a) that the hydroids, 
which have practically no power of locomotion, are to be found 
in the greatest numbers on the submerged sagittate leaves of 
various Nymphee in the tank, which die down every year, a 
fact which seems rather to imply a free-swimming larva, and 
which is therefore somewhat in favour of one of the other 
hypotheses; (b) that the hydroid spreads into other tanks 
which are in connection with the water system of this one,}! 
which seems to point in the same direction; (c) that the 
Victoria Regia tank is drained almost every winter, and lies 
nearly dry for a period varying from one to three months, 
which suggests that an ovum or gemmule with a cyst capable 
of resisting violent changes in the environment is necessary for 
the continuance of the species, the ordinary coating of the 
hydroid being obviously inadequate for the purpose. In favour 
of the third possibility is Bourne’s statement that the genital 
sacs of the adult medusoids, after liberation of ripe spermatozoa, 
become nipped off, fall to the bottom, and live for some time 
at least without disintegration. 


On the question of the systematic position of Limnocodium 
the foregoing observations do not throw much light. While 
Lankester assigned it to the Trachymeduse, Allman and 
others regard it rather as belonging to the Leptomeduse. On 
the one hand, no Trachymedusan has been observed to pass 
through a hydroid phase; on the other, the structure of the 


1 That no meduse have been seen to live in these tanks is probably due to 
their lower temperature, 
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budding medusoid and of the minute free-swimming forms 
described by Lankester in 1881 differ somewhat from the 
ordinary Leptomedusan type; notably, the position of the 
budding medusoid at the end of a hydroid polyp is, I believe, 
unique. The processes of development of a medusoid by sexual 
and by asexual methods do not appear to me to be sufficiently 
alike to justify conclusions founded on this basis. 


In conclusion, I have to express my thanks to Professor 
Lankester for his assistance, and to Mr. Sowerby, the Director 
of the Royal Botanic Society’s Gardens, for many courtesies. 


Note.—The observed appearances of Limnocodium, including the record 
of Professor Bourne (‘ Proc. Roy. Soc.,’ xxxviii), are as follows: 


1880. June 10th—July 31st. 1885. April 5th—(no record). 
1881. June 12th—June 25th. 1886. August 7th—(no record). 
1882. None. 1887. “ End of May ”—(no record). 


1883. April 28th—July 25th. 1888. May 10th—? August. 
1884. April 27th—(July ?). | 1889. None. 


LITERATURE OF LIMNOCODIUM SOWERBYI. 


1880. Attmay, G. J—‘‘On Limnocodium Victoria, a New Hydroid 
Medusa of Fresh Water,” ‘Journ. Linn. Soc.,’ xv, p. 131. 


» Atman, G. J.—‘‘ The Fresh-water Medusa,” ‘ Nature,’ xxii, pp. 178, 
218, 290. 

»  LANKESTER, HE. R.—“ Ona New Jelly-fish of the Order Trachomeduse, 
living in Fresh Water,” ‘ Nature,’ xxii, pp. 147, 177, 190, 241 
‘Zool. Anz.,’ ili, p. 321. | 

»,  LANKESTER, EH. R.—‘ Meduse and Hydroid Polyps living in Fresh 
Water,” ‘Quart. Journ. Micr. Sci.,’ xx, p. 483. 

, LANKESTER, HE. R.—“On Limnocodium (Craspedacustes) 
Sowerbii, a New Trachomedusa inhabiting Fresh Water,” 
‘Quart. Journ. Mier, Sci.,’ xx, p. 351. 

Romangs, G. J.— The Physiology of the Fresh-water Medusa,’’ 
‘Nature,’ xxii, p. 179. 


bP] 


1881. Lanxester, E. R.—* On the Intracellular Digestion and Endoderm 
of Limnocodium,” ‘ Quart, Journ, Micr, Sci.,’ xxi, p. 119, 


HYDROID PHASE OF LIMNOCODIUM SOWERBYI. 515 


. Lanxester, E. R.—“ On Young Stages of Limnocodium and Geryonia,” 


2 


‘Quart. Journ. Micr. Sci., 


Romanes, G. J.— Meduse and Hydroid Polyps living in Fresh 
Water,” ‘ Quart. Journ. Mier. Sci.,’ xxi, p. 162. 


xxi, p. 194. 


» Lanxester, EH. R.—“‘ Further Observations on the Fresh-water Medusa, 


made during the Summer of 1881,” ‘ Nature,’ p. 444. 


. Bourne, A. Gi—“On a Hydriform Phase of Limnocodium 


Sowerbyi,” ‘ Nature,’ xxxi, p. 107. 

Bourne, A. G.—“On the Occurrence of a Hydroid Phase of Limno- 
codium Sowerbyi” (Allman and Lankester), ‘ Proc. Roy. 
Soc.,”’ XxXxviil, p. 9. 


. Ryprr, T, A.—The Development and Structure of Microhydra 


Ryderi (Potts), ‘ Amer. Naturalist,’ xix, p. 1232. 


Parsons, F. A.—‘‘ Notes on a New Hydroid Polyp,” ‘Journ. Quekett 
Micr. Club’ (2), ii, p. 125. 


. Brooxs, W. K.—“ The Life-history of the Hydromeduse: a Discus- 


sion of the Origin of the Meduse, and of the Significance of 
Metagenesis,” ‘ Mem. Boston Soc. Nat. Hist.,’ iii, p. 385. 


Merscunikorr, E.—‘ Embryologische Studien an Medusen,’ p. 93, 
Wien, 1886. 


514 G. HERBERT FOWLER. 


EXPLANATION OF PLATE XXXII, 


Illustrating Dr. G. Herbert Fowler’s “ Notes on the Hydroid 
Phase of Limnocodium Sowerbyi.” 


Fic. 1—Two hydroids with a common base of attachment, of which that on 
the right is budding a medusoid at its apex. Under the action of staining 
and clearing reagents the polyps have shrunk away from the casing of vegetable 
particles. 

Fic. 2.—Colony of four individuals. At a, the gemmation of a medusoid 
was taking place. From the living specimen by reflected light. 


Fic. 3.—Hydroids ingesting a Nematode worm. 


Fie. 4.—Longitudinal section through a hydroid polyp, which is throwing 
off a completely formed bud on the right (ef. pp. 508, 509). 

Fie. 5,—Longitudinal section through the medusoid represented in Fig. 1. 
The various parts are named on Fig. 8, with the exception of two circular 
groups of 4—5 cells in the apparent centre of the preumbral lid; these 
are the endodermal cores of two of the supposed tentacles. 

In Figs. 5—9, the references are as follows.—c. Ceecal canals in the endo- 
dermal core of the manubrium. ec¢!. Ectodermal ingrowth for subumbrellar 
cavity. ezd’. Circular termination of the endoderm lamella, the site of the 
ring-canal. man'. Kndodermal core of the manubrium. @s, Gsophagus. 
p.c. Permanent ectodermal layer of the manubrium. pr. /. Preeumbral lid. 
7.¢c. Radial canal. s. ¢c. Excavation for the ultimate subumbrellar cavity. 


Fie. 6.—Quadrant of a diagrammatic section along the plane 6 in Fig. 8. 
Fic. 7.—Similar diagram of a section along the plane 7 in Fig. 8. 


Fie. §.—General diagram of the stage of medusoid formation, represented 
in Figs. 1, 5, 9. 


Fie. 9.—The next section to that drawn in Fig. 5; it passes to one side 
of the preeumbral lid. Camera drawing ; diagrammatically tinted. 
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Note on Certain Terminal Organs resembling 
Touch-corpuscles or End-bulbs in intra-mus- 
cular Connective-tissue of the Skate. 


By 


George Carrington Purvis, M.D., B.Sc., 
Demonstrator of Zoology, University of Edinburgh. 


With part of Plate XXXIII. 


In the spring of 1888, whilst examining the musculus 
sacro-lumbalis (Cuvier) of Raia clavata with gold chloride, 
I was struck with certain bodies which resembled end-bulbs. 
Assuming that they had most probably been described, I took 
no further notice of them beyond making a few sketches at the 
time; but on looking over some of the more recent text-books 
on histology I found no mention of such bodies in intra- 
muscular connective tissue, and have therefore felt that a brief 
description of these structures may be of some interest. 


MetruHop oF INVESTIGATION. 


A small piece of the fresh muscle was taken and placed on 
the freezing-plate of a Cathcart microtome, a drop of gum being 
first placed on the plate between it and the tissue. The gum 
and muscle were next frozen by means of ether spray, and sec- 
tions of varying thickness (probably from 4; to 74; mm.) were 
cut with an ordinary razor.1 The sections were next treated 
after Golgi’s arsenic acid method of gold chloride impregnation,” 

1 T resort to the freezing microtome when I intend to manipulate sections 
of perfectly fresh tissues. For histological work in general, no method can 


compare with the paraffin method as elaborated at Naples and elsewhere. 
2 «Mem. d. Roy. Accad. d. Sc. d. Torino,’ ser. ii, 1880. 
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which marks out the axis-cylinders in a way not to be ap- 
proached by any other method of gold treatment. This method 
has, however, a slight disadvantage, inasmuch as the muscles 
are generally rendered so clear and transparent as to be scarcely 
recognisable as muscular fibres.’ This difficulty may be ob- 
viated by cautiously dehydrating the sections after reduction of 
the gold, by acting on it with several grades of alcohol up to 
absolute, then clearing with clove oil, and mounting in balsam ; 
the clearing medium, by some peculiar chemical action, at once 
causes the muscular fibres to assume a dark reddish or violet 
tint, leaving the connective tissue almost perfectly transparent. 
Having, however, determined that the nerve terminations lie 
in connective tissue, by far the most direct method is to mount 
in glycerine, without previous treatment with alcohol. This 
necessitates the cementing or ‘‘ ringing” later on with gold size 
or zine white. 


THE STRUCTURE OF THE TERMINAL ORGANS. 


The organ may be said to consist of three distinct portions. 

(1) A capsular part, which is merely the expanded terminal 
portion of the outer or grey sheath of the nerve-fibre, and is 
very often marked by obliquely disposed lines, which give it 
the appearance of being spirally striated (fig. 1). The capsule 
is usually of an oval form. 

(2) An axial portion, which is a continuation of the axis- 
cylinder of the nerve-fibre, more or less convoluted. ‘The axis- 
cylinder terminates in a small dilatation, which is generally 
pyriform (fig. 4) or globular (fig. 1) ; sometimes it is distinctly 
unciform (fig. 2). | 

(3) A protoplasmic portion, consisting of clear protoplasm, 
filling up the space between the capsule (1) and the axis- 
cylinder within it (2). 

1 Kiihne’s modification of Golgi’s method (‘ Zeitschr. f. Biologie,’ vol. xxiii, 


1887) was at the time (1888) unknown to me. The injurious effects of arsenic 
acid on the muscular fibres are greatly lessened by this mode of treatment. 


bt 


CERTAIN TERMINAL ORGANS OF THE SKATE. 517 


EXcEPTIONAL APPEARANCES. 


(i) The presence of a spiral thread coiled on the outside of 
or immediately within the terminal dilatation. I was fortunate 
enough in one of my preparations (fig. 4) to see this very dis- 
‘tinctly, the capsule surrounding the axis-cylinder having burst, 
rendering the examination of the terminal portion extremely 
easy. The spiral thread can be seen with a magnification of 
about 700 diameters, though, of course, higher powers render 
it more distinct. 

(ii) The only other appearance worthy of remark is the 
meeting and apparent blending of three or four nerves within 
a common capsule (fig. 3); such terminations of nerves inside 
a common capsule have been described by various observers 
(vide Quain’s Anat. ‘‘ Terminal Organs’’). 


Note.—To prevent any misunderstanding, it ought to be 
stated that by ‘‘intra-muscular connective tissue” in the fore- 
going account is meant the connective-tissue septa surrounding 
the muscular cones which collectively constitute the musculus 
sacro-lumbalis of the Skate. 
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EXPLANATION OF UPPER PART OF PLATE 
XXXIII, 


Illustrating Mr. Carrington Purvis’ paper “On Terminal 
Organs in Connective Tissue of the Skate.” 


List of Reference Letters. 


a.cy. Axis cylinder of nerve-fibre. a. cyt. Terminal portion of axis 
cylinder within the capsule. c. Capsule. g. s. Grey sheath of nerve. 


Fic. 1.—General appearance of ‘‘terminal organ.” The capsule is faintly 
striated. (x 350.) 

Fig. 2.—A simpler “ terminal organ” than the above. Axis cylinder 
terminates in a hook-like process (4.). (x 300.) 

Fig. 3.—Termination of several nerves inside a single capsule. a. cy’.— 
a. cy’. The axis cylinders of the four nerves which enter the capsule. 
(x 350.) 

Fre. 4.—Axis cylinder ending in a pyriform spirally-striated body (py. 4.), 
highly magnified (x 1250). The capsule (¢c.) had burst during the process 
of mounting. 
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Note on the Transformation of Ciliated into 
Stratified Squamous Epithelium as a Result 
of the Application of Friction. 

= DY 
John Berry Haycraft, M.D., D.Sc., 
and 
E. W. Carlier, M.B., B.Sc., 
Physiological Laboratory, University of Edinburgh. 


With part of Plate XXXIII. 


In man, in the rabbit, and in some other animals, the trachea, 
as is well known, is built up of a series of cartilaginous rings, 
which are incomplete behind. Posteriorly, where the cartilage 
is wanting, involuntary muscular fibres are found. These are 
placed transversely, and form what is called the trachealis muscle, 
which is placed outside the cartilage. The mucous membrane 
forms a smooth cylindrical lining to the cartilaginous walls of 
the trachea, and is covered by ciliated epithelium. In the cat 
and the dog the rings of cartilage overlap posteriorly for a con- 
siderable distance, and the trachealis muscle, which is much 
developed in these animals, and placed outside the cartilage, 
evidently exerts a powerful action in varying the diameter of 
the tube. 

When the trachealis contracts the cartilages overlap to a 
considerable extent, the extremities which are over-ridden 
projecting into the cavity of the trachea. The projecting 
ends form a vertical ridge which can readily be seen on slitting 
open the trachea. This ridge is separated by a deep groove 
from the part of the wall formed by the over-riding cartilages. 
The mucous membrane lining the cavity of the trachea passes in 
between the overlapping ends of the cartilages into the groove, 
and in this situation it is subject to a certain amount of 
friction whenever the trachealis contracts or relaxes (fig. 5). 
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The mucous membrane at sc will be apt to come in contact 
with that lining the opposite side of the groove p. These 
surfaces will rub against each other, to some slight extent at 
least. In the more usual condition, in which the trachealis is 
not contracted to its utmost, the mucous membrane at Bc will 
form the sides of the groove, and the part at B will rub against 
that at c. It is obvious that the greatest amount of friction 
will take place between B and c. 

The interior of the trachea is lined by a stratified and ciliated 
epithelium placed upon a bed of connective tissue (fig. 7). Super- 
ficially a layer of long columnar cells is found, each cell ter- 
minating in a tuft of cilia; below these are cells less elongated 
in shape, and below these again are rounded cells. 

If the epithelium be traced from p round the groove to B, 
we see that in the region p, where the friction will only occa- 
sionally occur, the epithelium is still columnar in character 
but devoid of cilia; as we near c, however, where the friction 
is more common, the cells become sub-columnar (fig. 8), till 
when c is reached they are transitional in character, like those 
of the urinary bladder. In this region the superficial cells are 
somewhat elongated in shape and placed in a direction parallel 
with the surface, while the lower ones are vertical. 

At s, where the friction is greatest, genuine stratified 
squamous epithelium, similar to that lining the buccal cavity, 
is seen (fig. 9). 

Here the superficial cells form a badly differentiated horny 
layer. They are flattened out, forming horizontal squames ; 
their nuclei are well marked and stain fairly deeply. Below 
these are large rounded cells with larger nuclei; and below 
these, and resting on the subjacent connective tissue, are two 
or three layers of smaller cells arranged vertically. 

It is seen, then, that in this part of the trachea we have a form 
of epithelium found in other situations covering surfaces or lining 
cavities exposed to friction, and that in this situation, in the 
trachea, friction between the mucous surfaces is found to occur. 

No two sections give quite the same appearances; in one, 
a portion near the bottom of the groove is transitional, while 
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in another, the same spot, perhaps protected in some way from 
friction, is covered by ciliated epithelium without cilia. This 
suggested to us that during the life of the animal the mem- 
brane, at first entirely covered by cilia, became modified at those 
spots, and at those spots only, where friction actually occurs. 

In order to settle this point sections were prepared from an 
embryo kitten five centimetres in length, by embedding in 
celloidin in the usual way, and carefully examined. The car- 
tilage ring and trachealis muscle were both present. The 
former was, however, incomplete, and did not extend round 
more than three fourths of the tube. Where the cartilage 
was absent the mucous membrane was thrown into well- 
marked folds. The whole cavity was lined by stratified ciliated 
epithelium, the superficial cells of which were vertical to the 
surface. This character was uniformly preserved in all the 
specimens examined. 

Sections of a young kitten about two weeks old were then 
prepared. The cartilage rings had met, but they had not over- 
lapped. One end was evidently turning inwards, and was 
lying in the direction of a projecting ridge of mucous mem- 
brane. The epithelium lining the cavity was ciliated through- 
out its whole extent (fig. 6). 

It appears, therefore, that the transitional and stratified 
squamous epithelium present in the adult trachea are produced 
from a fully differentiated ciliated membrane. 

In this case it is probable that as a result of the action of 
environment—friction with an opposing surface—the ciliated 
cells were gradually destroyed, and that the more deeply placed 
and less differentiated cells were induced to take on another 
line of development. They were modified into cells, which, by 
their division, no longer produced elongated and ciliated epithe- 
lium, but were capable of forming flattened keratinized cells. 

Still more remarkable changes, from one cell structure to 
another, have been discovered by biologists. Of Hunter’s 
gull we believe there is no histological record; but we know 
that an endothelial cell may come to resemble a white blood- 
corpuscle, and the latter may, in its turn, change into a con- 
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nective-tissue corpuscle. If Kolliker is right, the osteoclast 
may divide and form osteoblasts where absorptive processes 
are being replaced by formative ones, and the osteoblast may 
become an osteoclast where the reverse process is taking place ; 
and Klein has described the replacement—during deyvelop- 
ment—of ciliated by stratified squamous epithelium, on the 
posterior or upper part of the soft palate, a case identical with 
the one we have noted. 

In most of these cases the cause of the change is unknown; it 
is possibly environmental, but one can say little more. In the 
case of the transformation of the ciliated into the stratified 
squamous epithelium the environmental cause is very obvious. 

The exact way in which friction acts, when it produces the 
changes we have described, it is impossible to say. 

We may, perhaps, look upon all stratified squamous surfaces 
as having been developed at one time or another by the action 
of friction, and we may speak of them, in this sense, as fric- 
tional epithelia. 

We have much pleasure in expressing our thanks to Mr. 
Gustav Mann for his kindness in making the drawings from 
which the figures in the plate were lithographed. 


EXPLANATION OF THE LOWER PART OF 
PLATE XXXIII, 


Illustrating Dr. Haycraft’s note on the ‘Transformation of 
Ciliated Epithelium.” 


Hie. 5.—Transverse section through the posterior third of the trachea of an 
adult cat. 4. Ciliated cells lining general cavity. 2. Situation where 
stratified squamous cells are found. C. Marks bottom of groove; the epi- 
thelium between C@ aud B is transitional in character. D. Cells are columnar, 
but without cilia. #. Cartilage. #. Trachealis muscle. 

Fic. 6.—Transverse section through the posterior third of the trachea of a 
kitten two weeks old. #. Cartilage. #. Trachealis muscle. H. Fold of 
mucous membrane into which the cartilage is growing. 

Fic. 7.—EHpithelium from the general surface of the treachea. 

Fie. 8.—Epithelium from between B and C. 

Fre. 9.—Stratified squamous epithelium found at B, 
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The Development of the Ear and Accessory 
Organs in the Common Frog. 


By 


Francis Villy, 
Owens College, Manchester. 


With Plates XXXIV & XXXV. 


THe development of the auditory organ of Vertebrates is 
an embryological subject that has hitherto received very little 
attention. The ear has been studied more completely in the 
higher than in the lower types, and mammals have received an 
amount of notice in this respect altogether out of proportion to 
the value of the evidence that their highly modified develop- 
ment may reasonably be expected to yield. 

Under these circumstances I have, at Professor Marshall’s 
suggestion, undertaken an investigation of the development of 
the ear of the common frog (R. temporaria), including the 
associated organs, from the earliest stages to the permanent 
form. 

The frog’s ear has been chosen as a subject for the reason 
that it probably represents an important stage, more compli- 
cated than the simple internal ear of fishes, and lower than the 
condition found in higher Vertebrates. At the same time the 
frog may be taken as a type of the lowest class possessing 
Eustachian tube and an auditory ossicle, and as such may rea- 
sonably be expected to throw some light on the history of these 
organs during its metamorphosis from tadpole to frog, from 
typically aquatic to typically terrestrial structure. Besides 
these advantages possessed by the frog as an animal suitable 


524 FRANOIS VILLY. 


for study, embryos and tadpoles may readily be obtained at any 
desired stage, from the egg to the adult. 

The investigations here recorded have been conducted almost 
entirely by means of transverse sections, longitudinal sections 
being examined when points of special difficulty were 
encountered. 

Before passing on to the immediate subject of this paper I 
wish to take this opportunity of thanking Professor Marshall 
for the help that he has so readily given me, without which 
my work would have been lengthened, and rendered much more 
laborious than it has proved to be. 

Early Stages.—The earliest stage at which the auditory 
involution can be readily recognised occurs soon after the 
closure of the neural groove in the fore part of the embryo. It 
will be seen from fig. 2 that the invagination, though shallow, 
is perfectly distinct, the epithelium lining it being somewhat 
sharply marked off from the surrounding epiblast by the 
columnar character of its constituent cells. The invagination 
only concerns the deeper or nervous layer of epiblast, and is 
placed in the longitudinal groove separating the lower part of 
the embryo, distended with yolk, from the neural surface, and a 
little above the level of the notochord. The edge of the pit is 
roughly circular, and as yet the involution is regular, being 
deepest in the centre, and shallowing in all directions towards 
the edge. 

Although I have taken this stage as the earliest in the 
development of the ear, the auditory epithelium may be recog- 
nised with more or less certainty before the neural groove closes 
in. In these very early stages the deeper layer of epiblast is 
somewhat thickened in the region where the ear is formed later, 
and the auditory nerve may already be traced into continuity 
with it. 

As development proceeds the involution is more rapid at the 
dorsal than at the ventral part, so that in section it comes to 
have the appearance shown in fig. 2. After this has taken 
place the ventral part in turn grows rapidly, pushing its way 
inwards (see fig. 3), and as this process is going on the lips of 
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the pit grow towards each other and coalesce, thus closing the 
aperture completely. Soon afterwards the newly formed outer 
wall of the vesicle separates from the deeper layer of epiblast, 
which remains near the surface. I am not certain that the 
mouth of the auditory sac is closed precisely in this manner, 
for the nervous layer of epiblast is so ill defined at this time and 
place that I have thought it more probable that the outer wall 
of the vesicle is formed simply by the cells at the edges of the 
pit proliferating, and closing the mouth by forming a plate 
across it. 

Whatever the real mode may be, the vesicle is pyriform 
when first closed, the dorsal part being the narrower. This 
narrow part ultimately becomes the recessus labyrinthi. The 
outer wall of the vesicle, being the latest formed, consists at 
first of cells indistinct in outline, but soon they assume, more 
or less completely, the columnar character of the opposite 
wall, though the two parts never agree exactly, as the older 
contains more pigment than the younger. It is from the old 
pigmented parts that the sensory tracts of the adult ear are 
formed. 

Very soon after the auditory sac is completely closed, irregular 
mesoblast cells make their way into the space between it and 
the external epiblast, and by this means the organ is removed 
farther and farther from the surface. 

The whole of the changes mentioned above take place before 
the tadpole character is assumed, and the invaginated vesicle, 
such as is here described, may be found in just hatched larvee 
of about 4 mm. in length. No great advance in complication 
is to be noted until the sacculus is marked out and the semi- 
circular canals begin to form. This does not take place until 
the larva is a well-developed tadpole of 11 or 12 mm. in 
length. 

I propose now to give a short description of the organ as 
present in tadpoles of this latter size, and then to describe the 
changes that take place in the various parts during the older 
stages, and the accessory structures that arise in connection 
with the ear at a later period, 
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The Invaginated Vesicle.—In tadpoles of this size, i. e. 
up to about 11 mm., the auditory sac is spherical in general 
shape, its wall consisting of a single layer of cells. At one 
point in the centre of the dorsal surface the regular contour is 
broken by a fold of the wall projecting slightly upwards, so 
that, as already mentioned, the vesicle is pyriform in outline (see 
fig. 4). This fold of the upper surface is at first only slightly 
marked off from the rest of the vesicle, but gradually it becomes 
narrower, and at the same time is pushed towards the inner 
side by irregular growth of the wall so that it comes to lie in 
the position shown in fig. 5. This fold is the first rudiment of 
the recessus labyrinthi. As mentioned above, it can be recog- 
nised from the moment the wall of the sac is completed, and it 
results from the mode of involution, but it is not a stalk con- 
necting the vesicle with the exterior at any stage. The typical 
Vertebrate ear retains its opening to the exterior for some 
time by means of such a recesssus labyrinthi, and the duct 
may even be present in the adult putting the endolymph in 
communication with the surrounding medium (Elasmo- 
branchs) ; but where the ear-fold concerns the inner epiblast 
alone no such communication takes place at all. In the 
case of the frog we should expect the recessus to be the last 
part of the vesicle to retain its connection with the external 
skin, but this is not so. This irregularity may perhaps be 
explained by the double-layered condition of the epiblast, 
which condition is most probably a secondarily acquired one. 

The epithelium forming the vesicle is more or less columnar 
at all points. The older part, i.e. that forming the wall next 
the brain, the floor and the recessus, consists of cells differing 
from the remainder in being more elongated. This is most 
marked at the lower inner angle where the cells are deeply 
pigmented. This tract of elongated cells extends upwards and 
outwards at the anterior end, especially in the later stages of 
this period. 

The auditory nerve runs from the inner wall, with the 
greater part of which it is connected, and reaches the brain 
just behind the recessus, The part applied to the vesicle is 
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expanded into a ganglion of some size, whilst the nerve con- 
necting it with the brain consists at this stage of a fairly thick 
strand of cells. The whole is pigmented. During this period, 
or at least nearly the whole of it, until the tadpole is about 
11 mm. in length, the auditory nerve is absolutely continuous 
‘with the facial nerve. After this stage the ear becomes too 
complicated to describe clearly as a whole ; 1 propose, therefore, 
to take the various parts one-by one and follow them up to the 
adult condition in this order :— 
1. The Differentiation of the parts of the Internal Kar. 

The Semicireular Canals. 
The Sacculus. 
The Cochlea. 
. The Epithelium of the Auditory Vestibule. 
The Recessus Labyrinthi. 

f. The Perilymphatic Spaces. 
2. The Hyomandibular Cleft, Eustachian Tube, and 

Tympanic Cavity. 
3. The Annular Cartilage, the Stapes, and the Columella. 


SS euitee Goes 


a. The Semicircular Canals.—These canals are essen- 
tially parts of the auditory vesicle which have become separated 
from the main part by septa which are incomplete, inasmuch 
as each canal opens into the vesicle at each end of the septum. 
Each septum originally consists of two entirely distinct folds 
which grow together from opposite walls of the vesicle and by 
their coalescence cut off the canals except at their ends. The 
anterior vertical, and horizontal canals develop simultane- 
ously in the frog, whilst the posterior vertical is distinctly 
later in formation. 

The first indication of the canals is afforded at about 11 mm., 
by folds of the walls of the vesicles projecting internally. 
These folds are at first purely epiblastic; but very soon 
irregular mesoblastic cells migrate into the space included in 
each double fold. The ridges so formed are placed one at the 
anterior end, in the upper and inner part of the vesicle, and one 
opposite this and projecting towards it from the upper and 
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outer part, and running back nearly to the hinder part of the 
ear. In its hinder half this latter projects ventrally instead of 
horizontally ; in fact, it is almost completely divided into two 
parts, the anterior corresponding to the first ridge mentioned 
and with it going to form the septum of the anterior vertical 
canal, whilst the posterior portion lies opposite to a third fold 
projecting upwards from the ventral part of the vesicle, these 
two constituting the septum of the horizontal canal. 

The two folds of each pair grow towards each other till they 
meet and coalesce for a considerable distance. At the stage 
now reached the anterior vertical and horizontal canals are 
already established. Figs. 7 and 8 show two stages in the 
formation of the canals as here described. In fig. 7 the septa 
have not yet been completed, whilst in fig. 8 the constituent 
folds have met and blended. Itshould be noted, however, that 
these two sections do not exactly correspond, for they cut the 
head at different levels. The septa formed in this way rapidly 
thicken and elongate, thus lengthening the canals, this length- 
ening keeping pace with the general growth of the vesicle 
during this period. 

Whilst these changes have been going on the posterior 
vertical canal has been forming. The first signs of its presence 
are apparent some time after the ridges forming the septa of 
the other canals have appeared, but before the coalescence of 
these ridges. It is formed exactly as the other canals are; the 
outgrowths developing, one on the septum between the sacculus 
and utriculus hereafter to be described, and situated on its outer 
edge directed upwards and inwards; the other is on the inner 
wall of the vesicle, more than half way up it and opposite to 
the first. This is shown in fig. 8. These folds coalesce after 
the time of cutting off of the two other canals. In the adult 
the posterior vertical canal curves over the horizontal canal and 
opens into the utriculus below it. This is brought about by 
the formation of the hinder ampulla, which by its growth 
causes an apparent inversion of these parts. The part of the 
utriculus originally above the horizontal canal develops into 
the ampulla and in so doing bulges out and encircles the canal. 
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The two vertical canals are at first entirely distinct, but as 
they lengthen they approach each other and meet. In this 
way a common length is formed, short at first, but gradually 
elongating, and through it both canals open into the utriculus. 

With this stage the adult relations of the canals are at- 
tained, further change being limited to their change in size, 
and the growth of mesoblast between them and the rest of 
the auditory vesicle, whereby they are removed farther and 
farther outwards and attain their characteristic curves. The 
mesoblast concerned consists at first of irregular scattered cells, 
but as the cartilaginous auditory capsule develops the cartil- 
age extends between the canals, and in tadpoles of about 20 
mm. it entirely surrounds them. 

With regard to the relative times of formation of the canals, 
the anterior vertical and horizontal are formed simultaneously, 
but the posterior vertical is only just commenced when the 
other two are nearly cut off, and there are stages in which the 
posterior vertical canal is not fully separated by the blending 
of the folds constituting its septum, whilst the other two have 
been formed some time. It is noteworthy that of the sensory 
epithelia of the ampullz, that of the posterior is the first to be 
specialised, though the corresponding canal is the last to 
develop. ‘This will be more fully described and an explana- 
tion offered in dealing with the differentiation of the sensory 
epithelium of the ear. 

It is usually stated that the two vertical canals in the 
higher Vertebrates are the first to develop, and that they cor- 
respond to the two canals of the Cyclostomata. From this it 
is argued that the Cyclostome ear is more primitive than 
others, a stage representing their condition being passed 
through in the development of higher forms. It will be seen 
from the above that this doctrine is very much shaken by the 
results arrived at in this paper. 

The ampullz, concerning the formation of which nothing 
has as yet been said, are developed by the constricting off of 
parts of the vesicle at the ends of the canals. The sensory 
epithelium of each ampulla is present some time before the 


530 FRANCIS VILLY. 


ampulla itself, and this sensory epithelium is situated at the 
appropriate end of its canal. As the ampulle are formed 
they therefore include their special epithelial tracts from the 
very first. 

b. The Sacculus.—In tadpoles of about 11 mm. in length, 
just before any signs of the semicircular canals appear, the 
internal ear is complicated by the formation of a septum run- 
ning obliquely across its hinder part from the upper and outer 
to the inner and lower angle. This septum seems to grow 
forwards from the posterior wall of the vesicle, first appearing 
as a ridge and gradually broadening till it divides the pos- 
terior part of the vesicle into a larger upper and inner, and a 
smaller lower and outer part (see fig. 8). These two divi- 
sions of the vesicle communicate with the rest of the cavity in 
front, and therefore indirectly with each other. This septum 
is the first sign of a division into utriculus and sacculus. The 
upper portion of the vesicle becomes the hinder part of the 
utriculus in the adult, that is chiefly the posterior ampulla. 
The septum under consideration is at first confined to the 
posterior part of the vesicle and remains so for some time ; but 
later on it extends all round the vesicle, and growing inwards 
completes the division into utriculus and sacculus. This 
division is not quite complete, for the septum remains per- 
forated at its centre, thus leaving the utriculus and sacculus 
in communication. The septum consists of a double epiblastic 
fold for the most part. It attains the proportions of the adult 
in tadpoles of about 20 mm. 

Although the sacculus is formed in part merely by its sepa- 
ration from the rest of the vesicle by an incomplete septum, 
still it manifests active growth, and the great downwardly 
projecting pouch of the sacculus is mainly formed as an out- 
growth of the vesicle. This is plainly seen just after the 
completion of the semicircular canals. At this time a slight 
bulging of the floor of the vesicle may be noticed near the 
anterior end of the horizontal canal. This forms the pouch of 
the sacculus spoken of above. It enlarges rapidly and soon 
loses its distinct character, as its opening increases more 
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quickly than the remainder, so that it never becomes deeply 
constricted off. 

e. The Cochlea.—Under this heading I include the three 
pouches of the sacculus described by Hasse! and Retzius? as 

the lagena, the pars neglecta, and the pars basilaris. There 
"is very little of importance to note concerning them except 
the relative times at which they appear. ‘lhe lagena is the 
hindermost and largest of ‘the three. It first appears as 
a small pouch at the lower and inner angle of the vesicle, 
Opening into it at about the level of the anterior aperture of 
the posterior vertical canal (see fig. 8). It early acquires con- 
siderable size, and extends back some distance. As the peri- 
lymphatic spaces form, as described below, the inner wall of 
this pouch becomes thin and abuts against one of these canals, 
the part of the pouch concerned presenting a flattened appear- 
ance. The remaining parts of the cochlea develop simply as 
bulgings of the walls of the sacculus. The first of these to 
form is the anterior and upper one, which is situated close 
beneath the mouth of the recessus. This is called the pars 
neglecta. The pars basilaris is therefore the last part to appear. 

d. The Epithelium of the Auditory Vestibule.—In 
this section I propose to trace the formation of the patches of 
sensory epithelium in the various parts of the ear. 

When the lining of the invaginated auditory vesicle begins 
to differentiate, cells of two kinds may be distinguished— 
columnar and pavement. ‘The columnar cells are disposed ina 
tract running the length of the floor of the vesicle, and espe- 
cially well marked at the inner angle. This tract extends up 
the inner wall for a certain distance, and in the fore part it 
runs up the outer wall. The remainder of the vesicle is formed 
of a flattened epithelium. The columnar portion of the epithe- 
lium, however, divides and gives rise to all the sensory patches 
present in the adult ear, although at the time under considera- 
tion it 1s continuous. 

The sensory patches of the ear are eight in number. ‘Three 

: «Zeitschr. f. wiss. Zoologie,’ xviii, ‘ Das Gehororgan der Frésche.” 

2 « 1). Gehérorgan d. Wirbelthiere.” 
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of these are situated in the ampulle, three in the cochlea, and 
of the remaining two one is on the floor of the anterior part of 
the utriculus, and one on the inner and lower part of the 
sacculus. 

The first division of the columnar epithelium takes place at 
the hinder end of the vesicle in tadpoles of about 11 mm. It 
occurs on the formation of the oblique septum, which I have 
described as marking the first trace of division of the vesicle 
into utriculus and sacculus. The small sensory patch thus 
separated lies in the hinder end of the utriculus, that is, where 
the posterior ampulla is formed later, so that the ampulla as it 
develops includes this epithelial patch. 

The fact that this epithelial tract is the first to develop might 
be taken to show that though the posterior vertical canal 
actually forms later than the others, nevertheless it is indicated 
earlier than they are. This early specialisation may, however, 
possibly be explained as a convenience due to the out-of-the- 
way position occupied by the organ concerned and to the early 
formation of the septum between the utriculus and sacculus, 
which in its growth plays an important part in separating this 
patch from the rest. Besides, I do not think that the time of 
specialisation of the sensory tracts of the ampulle is a safe 
guide to the relative times of evolution of the canals, as there 
is no rule of development common to all three. If the ampulle 
were exactly homologous structures, and their development had 
not been interfered with, they would form in the same way, but 
as they do not do so it is safer to assume that the original course 
of development has been modified than that the ampulle are 
not homologous. This would seem to show that the order 
of the evolution of these epithelial patches has not been 
preserved. 

It is interesting to note that just as the anterior vertical and 
horizontal canals form close together, and are even united from 
the first, so the epithelium of their ampulle develops from a 
common rudiment, which becomes separated from the main mass 
soon after the posterior tract already mentioned. This rudiment, 
common to the two ampulle, is situated on the outer wall at 
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the anterior end of the vesicle, near the point where the am- 
pulle of the two canals, with which it is destined to be asso- 
ciated, will be placed. A short time after the canals have been 
established this patch divides into two, of which one goes to 
form the sensory epithelium of each ampulla. 

The sensory epithelial areas of the cochlea and sacculus 
remain continuous with each other for some time. When the 
sacculus and lagena form, it follows from their position that 
both are lined by columnar epithelium, the former, however, 
only in part. The rapid growth of the sacculus necessitates 
the drawing out of the sensory lining of the floor of the vesicle, 
so that one end is now situated in the anterior part of the 
vesicle, and from this point it extends backwards to the end of 
the single cochlear pouch present, i.e. the lagena. The first 
part of the thickened epithelium to be separated from the rest 
lies on the under surface of the lip of the recessus, and when 
the pars neglecta of the cochlea develops it necessarily in- 
cludes it from its formation at the same point. The next 
sensory tract that differentiates is separated in the position 
where the remaining pouch of the cochlea (pars basilaris) 
will ultimately be, and forms the greater part of the wall 
pushed out in the development of this organ. The lining 
of the first formed division of the cochlea, i.e. the lagena, 
is the last to become distinct from the saccular epithelium. 
This fact may fairly be taken to support my view that the 
epithelial patches do not develop in the order in which they 
were evolved. 

I believe that it is of some importance to recognise that the 
outlying sensory tracts are individualised before the parts to 
which they are destined to belong. The ampullz and cochlear 
pouches are provided for in this way, all except the lagena; but 
this apparent exception does not really contradict the rule 
enunciated above, as the pouch under consideration is from the 
first placed in such a position that unless some secondary 
change were to take place it must be lined by sensory cells as 
soon as it is formed. The lagena appears early, when the 
canals have only just been established and when the epithelium 
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of the ampulle is being separated, and it arises in the position 
where the columnar epithelium is best marked. ‘Thus it 
resembles the other parts to which the rule applies in possess- 
ing sensory cells from the first, whilst it differs from them in 
not having a sense-organ distinct from that destined for other 
parts. The ampulle and the remaining two cochlear pouches 
may be recognised by their thickened epithelium before they 
can be distinguished by their shape. 

The last division which takes place in the sensory tract 
separates it into two parts, one of which lies in the utriculus 
and one in the sacculus. It does not take place for some time 
after the others, and even in the adult these two parts are 
not far removed from each other. 

e. The Recessus Labyrinthi.—The existence of this 
peculiar organ, the anatomical relations of which have been 
described by Hasse,! has been overlooked in the Anura. The 
animals that I have examined (Rana temporaria, Bufo 
vulgaris, and Dactylethra larva) all possess very similar 
structures. Taking the adult frog as a type, the relations of 
this part of the auditory sac may be briefly noted here. A 
narrow duct leads from the sacculus near its opening into the 
utriculus, and, running up the inner surface of the vestibule, 
perforates the skull-wall. Within the skull it is dilated to 
form a large, thin walled, vascular sac, which extends some 
distance both in front of and behind the duct. The sacs of the 
two sides are connected by bands of spongy tissue above the 
cerebellum, and below the brain just behind the pituitary 
body. 

The walls are vascular, and Hasse has assigned to this part 
of the ear the function of supplying the endolymph. It cannot 
be sensory, for at no period are its walls supplied with nerves 
in sufficient quantity, and its histological structure will not 
admit of such an interpretation. It would seem to have some 
function of importance in the adult, as it steadily increases in 
size during the growth of the tadpole, and it is after the tadpole 
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stage is passed that this increase in size becomes most rapid and 
the blood-supply most copious. 

The relations of this organ at different stages are shown in 
figs. 4, 5, 7,9, 17, and 18. Its mode of origin and early stages 
have already been described, and until the semicircular canals 
are formed little is to be noted except a general growth in size, 
accompanied by a movement towards the brain so that it comes 
to lie in close contact with this organ. As the distal part 
comes close to the brain, it begins to expand and its duct 
narrows ; at the same time the upper lip of the duct elongates 
so as to carry the vestibular opening downwards. ‘The distal 
enlarged part grows, and, as the tadpole loses its tail, assumes 
the permanent proportions, becoming at the same time thin- 
walled and vascular, and the organs from the two sides meet 
both above and below the brain. Whether actual communica- 
tion is set up is difficult to determine by means of sections 
alone. 

The growth of cartilage between the expanded end of the 
organ and the rest of the vestibule does not take place till late, 
and even then a foramen is left through which the duct passes 
from the vestibule into the skull-cavity. 

The development of this structure shows that the whole of it 
is part of the internal ear and is not to be associated morpho- 
logically with the lymphatic spaces within the skull. No 
opening from the expanded portion within the skull is to be 
found connecting it with other cavities in any way. 

f. The Perilymphatic Spaces.—This system of canals 
has never been described adequately, although it is distinctly 
developed and very obvious in sections passing through the 
hinder part of the ear. Hasse and Retzius! have both given 
accounts of parts of these canals; but I believe that they 
have considered the two to be absolutely continuous with each 
other, and have described as one what really consists of two 
distinct parts. The canal which I have taken as the first is 
carefully described ; but the second seems to be taken as form- 
ing the anterior part of the first. Its passage into the skull 
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through the foramen rotundum is not described, and the close 
relation of both to the parts of the cochlea is not noticed. I 
have investigated the course of these canals in the common 
frog, the toad, and Dactylethra larva. 

In Rana temporaria the system is composed of two 
canals in the hinder part of the ear, closely connected with 
the cochlea and communicating with each other within the 
skull. The walls consist of a single layer of much flattened 
cells, and backing this layer there are a few scattered cells 
lying in the perilymph. These walls are distinct though thin 
at all points in the course of the canals, which therefore do 
not communicate with any other system. 

The first canal to be described, the ductus perilymphaticus, 
is in close relation with the lagena. The walls of the extre- 
mity of this part of the cochlea are very different on the inner 
and outer surfaces, i.e. those looking towards and away from 
the brain respectively. The outer wall is thickened and bears 
sensory cells, and it is strongly curved with the concavity 
towards the brain. The opposite or inner wall is flat and 
exceedingly thin, consisting of a layer of very flat pavement 
cells, and against this flat part abuts the perilymphatic canal. 
This canal can be traced downwards and backwards as far as a 
foramen in the inner and hinder part of the floor of the cap- 
sule. Through this foramen it passes and lies between the 
pharynx and the base of the skull. Here it expands some- 
what (saccus perilymphaticus), though it is spacious through- 
out its course, and from this point it extends backwards some 
distance, even behind the foramen of the glossopharyngeal 
nerve. Just in front of this nerve a duct, somewhat narrower 
than any part yet described, passes up from the perilymphatic 
space through the foramen along with the nerve, and enters 
the skull. Its connections within the skull will be de- 
scribed below. The second canal has relations with the pars 
neglecta of the cochlea, just as the first has with the 
lagena. It is applied to the flattened wall of this pouch from 
below ; besides this part in immediate connection with the 
cochlea, there is a spacious continuation of it within the cap- 
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sule winding past the posterior ampulla, and lying above the 
hinder part of the utriculus. The remainder of this canal 
passes through a foramen in the lower, inner, and hinder part 
of the wall of the capsule (foramen rotundum), and extends 
back within the brain-case till it reaches and communicates 
with the previously described canal. The part-within the skull 
is of considerable size, occupying the lower angle on each side, 
and thence it extends up the side wall for some distance, and 
along the floor nearly to the median line. 

The course of these two canals will perhaps be rendered 
intelligible by fig. 19. This figure is diagrammatic and com- 
pounded from a large series of sections. By this method 
the whole course of the system is shown, though it is fore- 
shortened, so that structures are brought into view that could 
not be cut in one section. Turning now to the other forms in 
which I have found these structures, I will show that two 
very similar canals exist in all, though their mutual relations 
vary. 

The toad I have only examined in a young stage just after 
the tail is lost, but I have no reason to doubt that at this time 
the adult arrangement obtains ; for in frog tadpoles of only 25 
mm. in length, these canals have attained to the permanent 
condition in all essential points. The toad only differs from 
the frog in the fact that the first canal never leaves the pro- 
tection of the auditory capsule in its course to the skull. It 
runs through a special foramen immediately behind the second 
canal and in a position similar to, but somewhat lower than, 
its point of exit, and so directly into the skull. Within the 
skull both join as in the frog, and from this common part a 
large diverticulum runs down through the glossopharyngeal 
foramen, and occupies a position similar to the corresponding 
part in the frog. Thus the frog and the toad agree except 
in the relative positions of the foramina through which the 
first cana! and the glossopharyngeal nerve pass. 

Dactylethra I have cut as a small larva, the legs being 
present but as yet neither large nor pentadactylous. In this 
specimen the perilymphatic spaces are present and connected 
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with the cochlea as in the frog; but they differ from both 
frog and toad in that they communicate with each other 
within the capsule, and then pass out by a common duct into 
the skull. Just where this duct enters the skull a dilatation 
is present passing through the foramen of the glossopharyn- 
geal nerve, and lying close above the pharynx as in the frog 
and toad. I may mention that my Dactylethra specimen 
seems to show a continuity of these canals of the two sides 
across the floor of the brain-case. I feel sure that this is not 
so in the other animals examined, and this, together with the 
imperfect condition of my Dactylethra makes it very doubtful 
whether any such connection really exists. 

The most interesting point in the development of this 
system is that in both cases the canals first appear in close 
connection with the parts of the cochlea with which they are 
ultimately to be associated. At about 16 mm. the lagena 
becomes flattened as in the adult, and the beginning of its canal 
is to be seen as a small sac in the perilymph applied to the 
lagena as already mentioned. It is formed by mutual separa- 
tion of the mesoblast cells in the vicinity of the lagena, and 
the cells so separating constitute the walls of the canal. The 
second canal appears soon after in a precisely similar manner, 
and the two grow towards the brain, meet and unite. The 
srowth of the auditory capsule and skull occurring at this 
time, separates the inner ear permanently from the portion of 
the canals within the skull ; at the same time foramina are left 
through which the communicating ducts pass. 

It seems most probable that the canals here described have 
some connection with the conduction of sound. From their 
mode of development and their permanent form it is evident 
that they are concerned with the cochlea, and it is very possible 
that the part lying outside the skull above the pharynx receives 
vibrations and permits their passage to the auditory labyrinth. 
If this is the function that the canals perform they must have 
been employed in this manner before the columella appeared 
and still remained in use after the terrestrial character and 
structure were acquired, 
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This suggestion will not explain why the perilymphatic 
spaces should lie partially within the brain-case. I have 
imagined that this latter peculiarity may be due to their pos- 
sessing a secondary function of some description other than 
that already indicated. If this assumption is necessary, their 
complete meaning is still a problem, notwithstanding the 
partial solution already offered. 

The Eustachian Tube and Tympanic Cavity.—The 
development of these organs is marked bya peculiar and rapid 
change of position during the metamorphosis from the tadpole 
to the frog. The Eustachian tube at the beginning of the 
change is directed forwards and its end lies, not in connection 
with the ear, but under the anterior part of the eye below the 
palatopterygoid bar. As the tadpole loses its tail, the tube breaks 
up into short lengths which move backwards and come to lie 
in the position which they occupy in the adult. The isolated 
pieces then join themselves into a connected whole, which by 
gradual growth becomes the adult organ. Another point to be 
noted is that in development this tube has almost certainly 
nothing to do with the hyomandibular cleft. This mode of 
development in the lowest forms possessing such organs 
would seem at first sight to prove that the Eustachian tube is 
not morphologically equivalent to the hyomandibular cleft; but 
its development in the Anura is so peculiar that it must be 
regarded as highly modified, and no conclusions should be 
drawn too positively as to its history. As the Eustachian tube 
has generally been connected with the hyomandibular cleft in 
previous accounts of its development, I will here give a few 
notes on this cleft as found in the frog. 

In tadpoles of about 8 mm., the full number of clefts is 
already recognisable. They consist of five pairs of solid hypo- 
blastic outgrowths, the four posterior pairs having met and 
blended with the external epiblast, whilst the foremost or 
hyomandibular cleft ends in the mesoblast some distance from 
the exterior (see fig. 6). This stage represents the highest 
point in the development of the hyomandibular cleft, and after 
this period it commences to become smaller, never acquiring a 
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lumen for more than a short part of its length, and never open- 
ing to the exterior. In tadpoles of a slightly larger size, 
(10 mm.), there is very little trace of the cleft in the form 
found in the previous stage; but between the hyoid and 
mandibular arches in the position where the cleft, at the 
stage just described, joined the csophagus, a small diverti- 
culum of the gut is to be seen, and this no doubt is the opened- 
out hyomandibular cleft. This pouch scarcely has any exist- 
ence of its own, appearing more as a sacculation of the wall of 
the anterior part of the first branchial cleft than as an in- 
dependent gill-cleft. 

It is at this time more ventral than dorsal in position. As 
the tadpole grows it becomes less and less apparent, until it 
altogether disappears, or at least can no longer be recognised 
as bearing any resemblance to acleft. The latest period at 
which it may be readily recognised occurs in tadpoles of about 
20 mm. It is not until the hyomandibular cleft has ceased to 
be recognisable that the first trace of the Eustachian tube 
appears. The Eustachian tube, therefore, is probably not 
formed from the hyomandibular cleft, but is an altogether 
new organ. Its development may be divided into two periods 
separated from each other by a stage, during which the meta- 
morphosis from the first to the last condition takes place. The 
first beginning of the tube may be recognised in large tadpoles 
which have attained approximately their full size, but before 
the hind legs are conspicuous or toes are apparent. My 
youngest tadpole in which this organ is present is 25 mm. in 
length. At this time the Eustachian tube is very poorly deve- 
loped, and consists of a solid rod of cells running forwards 
from the dorsal and anterior edge of the first branchial cleft 
under the palatopterygoid cartilage for a short distance. This 
rod is very thin and not at all conspicuous; but it may be re- 
cognised by its position in relation to the first branchial cleft. 
Unfortunately, I have cut no sections between this and a con- 
siderably later stage; but notwithstanding this, I have no 
hesitation in identifying the structure just described with the 
Eustachian tube as it appears in tadpoles just before the time 
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when the fore-legs are protruded. When this stage is reached 
the Eustachian tube has grown forwards, lying close to the 
palatopterygoid bar, and nowit extends to a point just in front 
of the eye. Though a lumen is not apparent the cells com- 
posing the organ are arranged in the form of a tube with walls 
more or less definitely one cell in thickness, and at its distal 
end the tube is somewhat expanded. Figs. 11, 12, and 13 
will give an idea of the relations of the structure at this time. 
At the commencement of the tadpole’s metamorphosis the 
tube loses its connection with the wall of the pharynx and 
quickly divides into a variable number of short lengths. This 
state continues until a short time after the frog has lost its tail, 
and while it lasts the broken fragments move backwards, keep- 
ing pace with the shifting of the hyoid arch. When the position 
of the Eustachian tube that is to be has been reached by its 
components, they commence to grow towards each other, and at 
the same time a hollow process of the wall of the cesophagus 
arises and completes the whole length; a cavity is acquired by 
the walls separating, and the adult form is attained in all 
important points. This process is shown in figs. 15 and 16, 
The irregularity of this change through which the tube passes 
is very marked. The number of pieces into which it divides 
differs much in different specimens, some showing only two or 
three detached lengths, whilst others possess a chain of such 
lengths consisting of several more links. The two sides of the 
same specimen often differ considerably. In one specimen the 
Eustachian tube is complete on one side and has the adult form, 
whilst the other has only detached fragments (see fig. 16). 
No doubt this mode of change from the immature to the adult 
condition is secondary, and abbreviated from the more natural 
course of development; the condensation of history being 
occasioned by the need of a rapid change from aquatic to terres- 
trial mode of life, accompanied by a rapid alteration of the man- 
dibular and hyoid bars in their position with regard to the rest of 
the skull. The slightly expanded distal portion of the Eustachian 
tube described in its second stage is retained to form the future 
tympanic cavity in all specimens examined, and keeps near the 
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surface, maintaining relations with the future annular 
cartilage. 

The peculiar development of this organ in the lowest forms 
with such a structure raises a question: Are the hyomandi- 
bular cleft and Eustachian tube homologous? If I am correct 
in stating that there is no connection between the two organs 
at any period in the frog’s history, there is obviously strong 
reason for doubting the generally accepted doctrine of their 
homology. But it may be said that the frog’s development is 
modified in this particular point, and that as the two first 
visceral arches have a peculiar history in which they probably 
undergo great larval modification, so they have modified the struc- 
ture placed between them, i.e. the hyomandibular cleft. The 
mandibular arch in its early movement, and the hyoid arch by 
its articulation with the mandibular arch, might cause the 
hyomandibular cleft to develop in a peculiar way, so that it 
disappears at one time and again reappears. This is not 
impossible, for in the second stage described the Eustachian 
tube occupies a position between the mandibular and hyoid 
bars at their point of articulation, and thence its runs forwards. 
Such a course would be peculiar for the hyomandibular cleft, 
but when the relations of the arches concerned are considered, 
it will be seen that the early position of the Eustachian tube is 
not irreconcilable with the view that it is morphologically the 
hyomandibular cleft. The second point in the development of 
the tube, that is its breaking up into pieces during the 
metamorphosis, may possibly be explained as being due to 
mechanical causes originated by the movement of the hyoid and 
mandibular arches at the time. As far as the considerations 
advanced go, it is justifiable to hold that the frog’s development 
does not absolutely disprove that the Eustachian tube and hyo- 
mandibular cleft are homologous, although they are probably not 
connected in development. This view would be in accordance 
with the doctrine generally held, although a not unimportant 
section of investigators have considered that actual embryology 
does not bear out the doctrine usually taught. At the same time 
it should be remembered that the evidence offered by the frog— 
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and such evidence should have great weight—tends to show that 
the two organs have no connection whatever with each other. 

The Skeleton of the Ear.—In this section is included 
the development of the annular cartilage, stapes, and columella. 
Of these the columella is the only one that is of great general 
interest, from its supposed homology, on the one hand, with 
the hyomandibular cartilage of fishes, and on the other with 
the auditory ossicles of higher Vertebrates. Beginning with 
the annular cartilage, 1 may preface my remarks by stating 
that I have obtained traces of it long before the stage is reached 
which Professor Parker! takes as his earliest. At its first origin 
it is far in front of the position in which Professor Parker de- 
scribes it at its first appearance, and it is therefore removed 
from the columella, and quite distinct from it. 

Before the forelegs have appeared, and the tadpole has 
begun to resemble the frog, the Eustachian tube is directed 
forwards, and its expanded end, which becomes the tympanic 
cavity, lies close to the palatopterygoid bar in advance of the 
eye (see figs. 12 and 13). At this time the tympanic cavity 
is surrounded by a mass of cells, which appear closely packed 
in contrast with the surrounding loose mesoblastic tissue, and 
this is especially marked towards the ventral surface of the 
tube. This mass is closely applied to the palatopterygoid car- 
tilage, but when, during the metamorphosis of the tadpole, 
the tympanic cavity moves backwards, it carries with it the sur- 
rounding mass, which becomes denser, and some time after the 
metamorphosis has been completed a small cartilaginous bar 
is formed in it below the ventral edge of the tympanic mem- 
brane, and gradually extends until a complete ring grows 
around the tympanic cavity. This ring is the annular tym- 
panic cartilage. During its growth I can trace no connection 
between it and the columella close enough to warrant the 
statement that the two have a common origin. As the colu- 
mella grows it does come in contact with the annular catilage ; 
but at first the separation of the two is complete, and even 
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when contact takes place the relation is only one of close 
juxtaposition. 

From the above account it is clear that the constituent cells 
of the annular cartilage appear in connection with the anterior 
part of the mandibular arch, and are perhaps derived from it ; 
although it is possible that they may be merely concentrated 
from the scattered cells surrounding the distal end of the 
Eustachian tube. The point at which the cartilage originates 
is in front of and below the eye, and the part of the mandibular 
arch to which it is applied is the palatopterygoid bar. 

The remaining two skeletal elements are closely connected 
in the adult, though not actually fused. The stapes forms a 
concavo-convex cartilage, stopping the fenestra ovalis; whilst 
the columella is a rod inserted in front of the stapes, between 
it and the auditory capsule, and expanded distally against the 
tympanic membrane (see figs. 17 and 18). Professor Parker 
calls the proximal end of the columella interstapedial and the 
remainder the mesostapedial. 

The stapes may be dismissed with very few words. It is 
formed as a chondrification in the capsular membrane closing 
the fenestra ovalis, at a period when the remainder of the cap- 
sule is well developed, and not long before the tadpole begins 
to assume the frog’s form. No more need be said of it here, as 
Professor Parker has described this cartilage in his account of 
the frog’s skull. 

The third and last of the skeletal elements mentioned has 
now to be considered. As faras I can make out, the columella 
is embryologically to be considered, not as a part of either the 
hyoid or mandibular arches, but as similar to the stapes in that 
it originates in the membrane closing the fenestra ovalis. In 
this my results agree with those published in Professor Cope’s! 
recent paper, as they also do concerning the separate origin of 
the columella and annular cartilage. 

I have found the columella in the same specimen which 
showed the origin of the annular cartilage. Just in front of 
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the stapes, and in the membrane connecting it with the re- 
mainder of the capsule, a small isolated piece of cartilage is 
present. This ultimately becomes the inner end of the colu- 
mella, called by Professor Parker the interstapedial element. 
From this cartilage a thin rod of cells extends forwards and 
outwards close to the inner side of the thymus, till it ends just 
in front of the last-mentioned organ. This rod will ultimately 
be Professor Parker’s mesostapedial cartilage, and by later 
growth it will expand against the tympanic membrane at its 
distal end. At the period under consideration it is very thin 
and not easy to trace, but notwithstanding this I feel sure that 
it has no connection with any skeletal element except the 
interstapedial. Under these circumstances it is fair to assume 
that it either grows outwards from the interstapedial cartilage, or 
else, with less probability, that it is formed in situ by the scat- 
tered cells in the vicinity aggregating into the form of a bar. 
The position of the columella at this period is diagrammatically 
represented in fig. 14. It will be seen that it is not at present 
in connection with the tympanic cavity or annular cartilage, 
which are indeed far away, nor does it reach the outer surface 
of the head by some distance. It is also directed much more 
directly forwards than it is in the adult. 

Until metamorphosis takes place this state of things remains 
practically unaltered except by slight growth on the part of the 
organs involved; but as the frog leaves the water the columella 
rotates with its base as pivot, so that it comes to point more 
outwards. At the same time the mandibular and hyoid arches 
move back, as do the tympanic cavity and annular cartilage. 
This movement brings the end of the columella into close rela- 
tion with the ventral surface of the quadrate cartilage near its 
point of articulation with the capsule, and an attachment takes 
place between the two by means of a thin connecting bar, the 
suprastapedial. During this period the columella grows rapidly 
in length and increases in thickness throughout its whole extent. 
This causes the distal end to extend close over the tympanic 
cavity and to come in contact with the annular cartilage very 
shortly after the frog has completely lost its tail. At the same 
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time chondrification which has hitherto only appeared at the 
proximal end spreads along the whole length (see figs. 15, 
16). The outer end of the columella now expands against 
the tympanic membrane, and the cavity below, by growing 
upwards, causes the cartilage to appear to project through the 
tympanic cavity on to the membrane. ‘Thus we have the 
permanent conditions established. 

It must be noted that the connecting bar between the meso- 
stapedial and the quadrate cartilage chondrifies and persists, 
being present even in the adult. | 

The most interesting point connected with this section applies 
to the homology of the columella. Firstly, it is not part of the 
hyoid arch developmentally ; nor is it part of the mandibular; 
for at its first appearance it is connected with neither. The 
connection that does take place occurs secondarily and is not a 
mere temporary affair, as is shown by its size and permanence. 
It is not to be considered as an embryological but as an adult 
connection. ‘The equivalence of the columella with the hyo- 
mandibular bar, so strenulously maintained by Professor Parker, 
receives no support from these researches; but it seems probable 
that the columella is not only physiologically but morpho- 
logically to be associated with the ear capsule, and with it 
alone. 
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EXPLANATION OF PLATES XXXIV & XXXV. 


Illustrating Mr. Francis Villy’s paper on ‘‘ The Development 
of the Ear and Accessory Orgaus in the Common Frog.” 


Alphabetical List, of Reference Letters. 


A. C. Annular cartilage. 4.C. H. Anterior cornu of the hyoid. dm. A. 
Ampulla of the anterior vertical canal. 4x. C. Anterior vertical canal. 
Au. C. Auditory capsule. dw. #. Auditory epithelium. du. G. Auditory 
ganglion. du. J. Auditory invagination. dw. N. Auditory nerve. Aw. V. 
Auditory vesicle. 2. Basi-hyal cartilage. 2B. C. Body-cavity. Br. Brain. 
Br. A. 1, 2, 3, 4. Branchial arches. Br. C. 1, 2, 3, 4. Branchial clefts. C. 
Cerebellum. Cd. Cerebral hemispheres. Cd. Choroid plexus. Ch. Cochlea. 
Ch. 1. Lagena. Ch. 2. Pars neglecta. Ch. 3. Pars basilaris. C/. Colu- 
mella. Cr. Cornea. D. dA. Dorsal aorta. #. Hye. Hp. A. Epithelium 
of the two anterior ampulle. 2p. C. Hpicoracoid. #. Kustachian tube. 
F, Fenestra ovalis. G. G. Gasserian ganglion. G. WV. Glossopharyngeal 
nerve. Gu. Gullet. Hé. Hind-brain. “Ho. A, Ampulla of the horizontal 
canal. Ho. C. Horizontal canal. Hp. Hypoblast. Hw. Humerus. Hy. A. 
Hyoid arch. Hy. M. Hyomandibular cleft. Jz. Interstapedial cartilage. 
Ir. Iris. K. Kidney. JZ. Lens. Md. Mandibular arch. Ms. Meckel’s 
cartilage. Mo. Mouth. Ms. Mesostapedial cartilage. Ne. Nervous layer of 
epiblast. 1. G. Neural groove. Wo. Nose. V+. Notochord. OJ. NV. Olfac- 
tory nerve. Op. /. Optic lobes. Op. N. Optic nerve. O¢. #. Outer layer of 
epiblast. Pa. pt. Palatopterygoid bar. Pe. Precoracoid. Pe. 1. Perilym- 
phatic canal (connected with the lagena). Pe. 2. Perilymphatic canal (con- 
nected with the teg. vasc.). 2. V. dA. Ampulla of the posterior vertical 
canal. P&P. V. C. Posterior vertical canal. Q. Quadrate cartilage. 2. Re- 
cessus labyrinthi. §.Scapula. Sac. Sacculus. §. 4. Septum of anterior 
vertical canal, outer fold. §. 4.1. Septum of horizontal canal, upper fold. 
S. H. 2. Septum of horizontal canal, lower fold. §. P. 1. Septum of pos- 
terior vertical canal, outer fold. S. P. 2. Septum of posterior vertical canal, 
inner fold. S¢. Stapes. S¢x. Sternum. Sz. Suprastapedial cartilage. Sw. s. 
Suprascapula. 7. Tail-muscles. 74. Thymus. Zy. Tympanic cavity. U. 
Utriculus. V. Vagus. dz. Third nerve. 


These figures are all more or less diagrammatic in different ways, but in all 
the general outlines are as nearly correct as possible, for they are all taken 
from camera drawings. The shading is diagrammatic, and no attempt has 
been made to show cells, except in a rough way in the younger stages of the 
auditory epithelium. In other organs, such as the young brain, any marking 
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that may suggest cellular structure is only used for the sake of distinction. 
To avoid confusion the mesoblastic tissues, except those immediately con- 
cerned, are for the most part coloured uniformly. The perilymph and skull- 
cavities are finely dotted ; whilst cartilage is denoted by coarser dots.' Fig. 
6 and Figs. 13—19 are formed by compounding a number of sections so as 
to represent a single ideal and impossible one. In Figs. 15 and 16 the 
columella is the only part to which this description applies. 


Fie. 1.—Transverse section through the auditory region of an embryo 
frog, just before the coalescence of the neural folds. The auditory nerve and 
epithelium are already recognisable, although invagination has not yet begun. 

Fig. 2.—Similar section of a slightly older embryo, with the neural groove 
closed. On the left hand side the section passes through the centre of the 
invagination and cuts the whole length of the auditory nerve. Invagination 
is more advanced at the dorsal edge than it is at the ventral. On the right 
the section passes through the anterior part of the auditory involution. 

Fie. 3.—Similar section of an older embryo. The auditory invagination is 
cut through the centre on the left, and is more advanced than it is in Fig. 2. 
The nerve is shown. 

Fie. 4.—Similar section of an older embryo shortly before hatching, i. e. 
about 4 mw. in length. Invagination is now completed, and the vesicle is 
pyriform. 

Fic. 5.—Slightly oblique transverse section of a tadpole of 8 mm. On the 
left the section passes through the centre of the auditory vesicle, and the 
recessus labyrinthi is shown. On the right the section passes through the 
anterior part of the vesicle, showing the auditory ganglion and the epithelium 
common to the two anterior ampulle separating from the rest. 

Fic. 6.—Diagrammatic horizontal section of a tadpole of § mm., to show 
the gill-clefts and arches. The fore- and mid-brain are cut, as well as the nose 
and kidney. ‘The five pairs of clefts and six pairs of arches are represented. 
The hyomandibular cleft does not reach the skin. 

Fic. 7.—Oblique transverse section of a tadpole of 12 mm., showing the 
beginnings of the septa which cut off the semicircular canals. On the left 
the recessus is cut, along with the outer and upper septa belonging to the 
anterior vertical and horizontal canals respectively. On the right the anterior 
part only of the recessus is cut, and the outer ridge of the septum of the 
anterior vertical canal, together with the lower part of the septum of the 
horizontal canal. (x 25.) 

Fic. 8.—Section through a somewhat older tadpole than the last. On the 
right the horizontal canal is cut, its septum being completed. On the left the 
folds forming the septum of the posterior vertical canal are shown; they have 


1 The endolymph and contents of the perilymphatic canals are left white. 
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not yet met. Part of the beginning of the septum between utriculus and 
sacculus is represented, as is the small pouch representing the lagena. (X 25.) 

Fie. 9.—Transverse section through the centre of the ear in a tadpole of 
25mm. ‘The full extent of the recessus at this stage is shown. (xX 15.) 

Fie. 10.—Oblique transverse section through the head of a large tadpole, 
just before the anterior legs are protruded. On the left the first branchial 
cleft is shown, as well as the opening of the Eustachian tube into the cesopha- 
gus. On the right hand the centre of the eye is cut, and a section of the 
Eustachian tube is shown considerably in front of its point of origin from the 
throat. (x 10.) 

Fre, 11.—Section through the tympanic cavity and annular cartilage in the 
same specimen. On the left it passes entirely in front of the tympanic cavity, 
cutting the point of union of the palatopterygoid bar with the trabecule. 
The section is completely in front of the eye. (x 12.) 


Fie. 12.—Diagrammatic sagittal section of a tailed frog on the left side, 
showing the course of the Eustachian tube and the position of the annular 
cartilage. It passes through the ear and eye and the angle of the mouth. 
The greater part of the length of the quadrate and palatopterygoid cartilage 
is shown with the Meckelian cartilage below it, as well as the outer portions 
of the hyoid and first three branchial arches. (x 15.) 

Fre. 13.—Oblique section through the ear of the tadpole from which Figs. 
10 and 1] are taken. ‘The columella is shown at an early stage cut at two 
different levels. On the right the interstapedial, and on the left the meso- 
stapedial is shown. The thymus lies a short distance to the outside of the 
columella. (x 10.) 

Fie. 14.—Diagrammatic horizontal section of a tailed frog, to show the 
course of the columella. The eye is cut some distance from its centre, and 
the anterior nares are included in the section. The relations of the columella 
to the auditory capsule, stapes, and thymus are shown. (x 15.) 

Fie. 15.—Oblique transverse section of a young frog’s head, just after 
metamorphosis. The left side is more anterior than the right. On the right 
the whole course of the columella is shown; it is as yet chondrified at its 
base alone. Observe the fragmentary and asymmetrical condition of the 
Eustachian tube. (x 15.) 


Fie. 16,—Section similar to the last, but through an older frog. The 
columella is now chondrified throughout. Observe that the Eustachian tube 
is complete on the left, but fragmentary on the right. (x 15.) 

Fic. 17.—Diagrammatic transverse section of an adult frog’s head. The 
whole course of the recessus is shown, with the connection between the two 
sides, both above and below the brain. On the right as much of the columella 
is shown as possible, and the whole course of the Eustachian tube is repre- 
sented. The anterior parts of the sternum and thymus are cut, and the 
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anterior cornu of the hyoid is shown at different levels on the two sides. 
(x 8.) 

Fic. 18.—Diagrammatic horizontal section of an adult frog’s head. The 
length of the recessus is shown on the right, and the columella and stapes 
are in position, On the left an attempt has been made to show the distribu- 
tion of the auditory nerve to the various parts of the ear. The nerve bifur- 
cates within the skull, and the anterior branch supplies the sacculus, the 
utriculus, and the two anterior ampulle. The posterior branch runs to 
the three parts of the cochlea and to the posterior ampulla. On the right 
the two perilymphatic canals are seen. Besides the parts mentioned the 
section cuts the centre of the eye and of the cerebral hemispheres, the lower 
part of the optic lobes, the nose, and the Gasserian ganglion. (x 8.) 

Fig. 19.—Diagrammatic transverse section through the posterior part of 
an adult frog’s ear, to show the course of the perilymphatic canals. In this 
figure the whole of the pectoral arch is shown, along with the head of the 
humerus. The posterior part of the stapes appears, as do the posterior 
vertical and the horizontal canal (cut twice), the posterior ampulla, and the 
two parts of the cochlea concerned. The brain is cut through the anterior 
part of the medulla oblongata, and the choroid plexus is shown. (x 8.) 
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Thelaceros rhizophore, n,g. et sp., 
an Actinian from Celebes. 


By 


P. Chalmers Mitchell, B.A., 


Junior Demonstrator in the Morphological Laboratory, and Assistant to the 
Linacre Professor in the University of Oxford. 


With Plate XXXVI. 


Tus beautiful Actinian was obtained by Dr. Hickson in a 
mangrove swamp in Celebes, and he was good enough to give 
it to me to describe. Owing to the strong contraction of the 
mesenteries the tissues within the column were very badly pre- 
served, and were exceedingly brittle. As there was only one 
specimen, a part containing one pair of directive mesenteries 
was not dissected. I am, therefore, far from being able to 
give a complete account of the anatomy of this form, but I 
believe that I have made out its leading features. 

External Characters.—Dr. Hickson has given me the 
following notes concerning the discovery of the specimen, and 
its shape and colour when alive :—‘ I found this Actinian in a 
few inches of water, by the side of one of the roots of a 
Rhizophora tree near the shore side of the mangrove swamp 
in Talisse Island, N. Celebes. There were three or four others 
in the immediate neighbourhood, but this was the only speci- 
men I obtained. At first I thought the anemone was actually 
attached to the root by its pedal disc, but when I attempted to 
take it, it rapidly burrowed in the sand and disappeared 
from view. Failing to secure the specimen by searching for it 
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in the sand with my hand, I was obliged to send my boy to the 
hut to fetch a hatchet and a spade. On his return we chopped 
away a considerable portion of the root, and at last succeeded 
in digging out the anemone. When living at rest the whole of 
the column of these anemones is buried in the sand, so that the 
oral disc and tentacles are alone visible. 

“ The oral disc is usually of a light fawn colour, but in the 
darker and more muddy parts of the swamps I have seen some 
specimens of a darker colour. In nearly every specimen I 
noticed a considerable deposit of the sand of the swamp lying 
on the oral disc. 

“‘The tentacles are of the same general colour as the oral 
dise, but the protuberances on them are bright emerald green 
ornamented with a few faint yellow and black markings. 
When the animal contracts on being disturbed the ora] disc is 
not to any considerable extent invaginated, nor are the tenta- 
cles much shortened. The shape of the disc is more usually 
oval than circular, but it varies considerably with the position 
the anemone occupies among the mangrove roots. So far as 
my knowledge goes Thelaceros rhizophore is confined to 
the mangrove swamps. I never met with any specimens either 
on the reefs or in the sandy pools of the lagoon.”’ 

In the specimen, after preservation, the oral disc and tenta- 
cles were very little contracted. The oral disc was almost 
exactly circular, and measured 5 cm. in diameter. The 
tentacles were from 1 cm. to ‘8 cm. in length. The oral disc 
was very prominent and sharply marked from the column. 
The column was evidently very much contracted, and passed 
gradually into the pedal disc, which was very strongly intro- 
verted, but which bore evidence of being adherent to the 
mangrove root. The pedal disc was imperforate. 

The oral aperture was nearly circular, and there was no sign 
of the lips of cesophageal grooves, any trace of which I failed 
to discover in subsequent investigation. The oral aperture 
was filled by the contorted free edges of the mesenteries. The 
strong contraction of the powerful longitudinal muscles had, by 
introverting the pedal disc, forced the mesenteries into this 
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position, and had so entirely pushed upwards the stomodeum 
that its inner or lower rim protruded at the oral aperture, 
tightly pressed against the oral rim. 

The oral disc and the tentacles and the column were covered 
by a thin but tough layer, which had peeled off in some places, 
and which consisted of thread-cells, mucus, and adventitious 
particles. Beneath this layer the mesenteries appeared very 
beautifully through the oral disc as strong radial lines. The 
attachment of the mesenteries to the column and the pedal disc 
was visible in places, but was not an obvious feature of the 
external anatomy. The column was quite smooth; there were 
no warts, knobs, or ridges, and there were no cinclides. There 
were no marginal spherules. The colour of the spirit specimen 
was a light fawn on the oral disc and tentacles, ana a dark 
colour on the column and base. 

Oral Dise and Tentacles.—Thelaceros rhizophore 
possesses ninety-six well-marked tentacles, forming a compact 
wreath round the margin of the oral disc. These tentacles are 
arranged in three circles, and they are all approximately of 
the same length. There is, however, evidence of a process of 
centripetal change in position, for the inner and oldest circle 
is distinctly separated from the next circle. This inner circle 
consists of twelve tentacles, equal in size and arranged at 
regular intervals. Six of these communicate with the endo- 
celes of the primary pairs of mesenteries, and six with the 
endoceeles of the six pairs of secondary mesenteries. 

Next comes a circle of thirty-six tentacles arranged in well- 
marked groups of three, between the tentacles of the inner 
row and a little exterior to them. Of these threes the central 
tentacle is placed slightly internal to the other two, and the 
twelve centrals belong to the endoceles of the mesenteries 
of the third order. The twenty-four tentacles which complete 

.the twelve groups of three communicate with the endocceles of 
the fourth order. 

There is an outer circle of forty-eight tentacles placed at the 
extreme edge of the disc, and this outer row corresponds to the 
forty-eight exoceeles. If these exoccelic tentacles be called 0 
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and the others be numbered in the usual way, the formula of 
the tentacular arrangement is 1, 0, 4, 0; 3, 0, 4, 0, 2, 0, 4, 0, 
3, 0, 4, 0, 1. 

These ninety-six tentacles, as I have before stated, are all of 
nearly the same length. The inner circle tentacles are rather 
stouter and broader, but this is not a very obvious distinc- 
tion. 

At one region the tentacles of every order were rather 
smaller and more closely packed. The tentacles at the other 
end of the diameter passing through this region were slightly 
larger and more loosely arranged. In the absence of the usual 
oval shape of the oral aperture a very definite axis of symmetry 
seemed to pass through these two regions. The tentacles 
at one end of this apparent axis were much more closely set, 
and appeared smaller ; the tentacles at the other end were large, 
well separated. At the one end the characteristic arrangement 
of the tentacle groups was obvious; at the other it was only 
after repeated counting and marking that it was possible to 
make it out. There was no evidence that the appearance was 
due to irregular contraction, for the whole oral disc was 
apparently not contracted at all. It was found on dissection 
that this diameter stood in no definite relation to the axis of 
the animal. The appearances were due to local variations of 
growth, which so frequently occur even in the most regular of 
the Hexactiniz. 

The tentacles are short, broad, and thin-walled, and have no 
terminal aperture. On the upper or oral aspect they are 
somewhat flattened. Round the edge of this flat surface are a 
set of rather irregular, rounded, compound protuberances 
(fig. 2). These are hollow, and each protuberance communi- 
cates with the cavity of the tentacle by a single circular aper- 
ture (fig. 3). They are the most striking feature of the 
animal, and upon this feature the generic name Thelaceros! is 
based. 

In fig. 4. is represented a transverse section through a part 
of a tentacle and of one of these protuberances. The histology 


1 Ody, teat; and kepaoc, horned, 
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of the tentacles was in a very much better condition than that 
of any other part of the specimen. The sections showed that 
the tentacle is covered by a strong radial ectodermic muscle 
layer. This is arranged in irregular folds lying over processes 
of the mesoglea, and occasionally an island of muscular fibres 
is enclosed in the mesoglea. So that, to use the terminology 
of Hertwig, the radial muscles of the tentacles are partly 
ectodermic, partly mesodermal. On the oral disc this muscular 
layer is still better marked, and more of it has become enclosed 
in the mesoglea. Some of the radial fibres of the tentacle in 
the region of a protuberance swing round to form a single 
layer of ectodermic muscular fibres running from the base 
to the extremity of the protuberance. In the section figured 
the pleated muscular layer of the tentacle passes into the single 
layer, as the protuberance and the individual fibres, instead of 
appearing in transverse section, appear in oblique or longi- 
tudinal section. 

There is a well-marked ectodermal nervous layer which is 
continued into the protuberance. The ectodermal epithelium 
is full of thread-cells, and these are hardly more numerous on 
the epithelium of the protuberances. The ciliated cells of the 
epithelium were not evident: there remained of them only 
occasional nuclei; but the outer edge of the whole tentacle 
was thickly covered with the débris of cilia. 

On the oral disc, between the base of the tentacles and the 
oral aperture, are a number of minute protuberances (fig. 5). 
They are hollow, and several of them open into each exocele 
and into each endocele. Some of them were distinctly com- 
pound and resembled the protuberances on the tentacles. It 
seems probable that they are rudimentary tentacles, but 
whether they are incipient or vestigial it is impossible to say. 
Certainly they are much smaller than the marginal tentacles, 
but it would be a matter of great difficulty to frame a definition 
of tentacle which would exclude them. 

The Stomodzeum.—tThis was in a very bad state of pre- 
servation, but it was possible to make out the presence of a 
thick longitudinal, ectodermal, muscular layer. No trace of 
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cesophageal grooves could be made out, and if these are present 
they must be exceedingly obscure. 

The Mesenteries.—The mesenteries of the first order 
and those of the second order form twelve pairs of complete 
mesenteries. There is no anatomical distinction between 
these orders, nor between the tentacles (the twelve of the inner 
row) belonging to them. I examined one pair of directive 
mesenteries, which of course belonged to the mesenteries of the 
first order. In the directives the longitudinal muscles were, 
as usual, on the side of the mesentery turned towards the exo- 
cele. ‘The presence of the second pair of directive mesenteries 
I did not verify, as I wished to preserve as much as possible of 
the only specimen. 

There are twelve pairs of mesenteries of the third order. On 
the oral disc these reach the stomodeum, and extend about 
halfway down it. They have as broad an insertion into the 
pedal disc as the mesenteries of the first and second orders. 

The twenty-four pairs of mesenteries of the fourth order do 
not reach the stomodezum even on the oral disc. Down the 
column they extend as a narrow band, with a few longitudinal 
fibres, and on the pedal disc they are represented by radial 
ridges. The meseuteries are devoid of any apertures. 

Muscles.—The transverse muscles of the septa are in all 
cases weak. But the longitudinal muscles are exceedingly 
well developed, and form a series of pleated and stout bands, 
protruding from the surfaces of the mesenteries of the first, 
second, and third orders. In fig. 6 the arrangement of the 
muscles on the endoccelic face of a complete mesentery is 
represented. The longitudinal muscle on the part of the 
mesentery in the oral disc is not well developed. <A few fibres 
pass along it towards the tentacular edge, but there is no 
special muscular insertion at the base of the tentacle. The 
great mass of the muscle is inserted into the upper surface of 
the oral disc vertically above the pedal disc. In the narrower 
part of the mesentery, between the stomodzeum and the top of 
the column, the muscle stands out as a very thick mass. 
Lower down two parts are obvious. There is a narrower and 
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thinner part (/.m. 3) forming the edge of the muscle-mass on 
the side towards the column. ‘This runs vertically down, and 
is inserted in the pedal disc. The longitudinal muscle (/. m. 4) 
nearer the stomodzum than the former is much thicker and 
broader, but has a parallel course. A thin slip of fibres (0. m. 1) 
passes down the mesentery close to its insertion into the column. 
The parieto-basal muscle (/, m. 2) is present, but is not very large. 

I was unable to find any trace of a circular or sphincter 
muscle. And, indeed, contrasting the fully expanded appear- 
ance of the oral disc with the great contraction of the column, 
one hardly expected to find a circular muscle. It seems clear 
that the anemone protects itself by sudden contraction of the 
powerful longitudinal muscles, and that in the fully contracted 
condition the oral disc and tentacles would lie open over the 
rest of the animal. The abnormal form of the tentacles may 
well be correlated with the absence of a sphincter, and there 
may be a certain protective mimicry in the dusky appearance 
of the expanded disc. 

Genital organs were present near the edges of the primary 
and secondary mesenteries ; they were present on the pair of 
directives which I examined. The histological details were 
nearly quite disintegrated, but it was possible to make out the 
remains of ova enclosed in the cavities in the strand of meso- 
gloea. There were no acontia, but the edge of the mesentery 
was thickened, and formed the usual mesenteric filament. I 
give the following tentative definition of the genus. 


Thelaceros (n. g.). 


? With sphincter weak or absent; cesophageal grooves 
weak or absent ; tentacles with compound hollow protuberances 
round the margins of the oral surface; with numerous small 
simple or compound hollow protuberances (rudimentary acces- 
sory tentacles) in radial lines on the oral disc; longitudinal 
muscles exceedingly strong; genitalia on the twelve complete 
mesenteric pairs. 

Thelaceros rhizophore (n. sp.). 

Locality.—Celebes, in a mangrove swamp. 
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Relations of Thelaceros. 


Notwithstanding the recent labours of Hertwig and Andres, 
there is still much to seek in Actinian classification. In the 
great subdivisions there is, however, not much difficulty. 
Hertwig (8) criticises Andres’ erection of Stichodactyline and 
Thalassianthine into groups parallel to Actinine. He points 
out that the leading and obvious feature on which the primary 
division of Actiniaria must be made is mesenterial arrange- 
ment. Andres, however, in his synoptic table (loc. cit., p. 88) 
characterises a subdivision of the Actiniaria without naming 
it, as follows: ‘Colonna liscia, rugosa e solcata; se ha in- 
vezione queste non sono mai meno di dodici.” 

This unnamed division corresponds with Hertwig’s Hex- 
actiniz, and is parallel to the Edwardsine, Zoanthine, &c. To 
this large group thus based on a typically hexamerous arrange- 
ment of tentacles and mesenteries Thelaceros obviously belongs. 
But to determine its position within the group is more difficult. 
Hertwig alone has completely investigated the anatomy of any 
large number of Hexactinians, and the leading feature of a 
true classification he shows to be tentacles, pedal disc, acontia, 
and sphincter. From the ‘Challenger ” material he was able to 
characterise definitely a large number of families. But there 
still remain a number of forms, chiefly tropical, and chiefly 
characterised by their abnormal tentacles. For these Hertwig 
points out the need of further accurate investigation. Verrill 
(1 and 2) had previously grouped such forms under the family 
Thalassianthidz, and, besides pointing out their possession of 
two kinds of tentacles, first made the important observation, 
overlooked afterwards by Andres, and even by Moseley, that 
more than one tentacle may communicate with a single radial 
chamber. Andres relies entirely upon the tentacles, and 
divides the group corresponding to the Hexactinia thus :— 
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Tentacoli disposti in ciclo semplici—Actinine. 

Tentacoli in serie radiali quasi sempre cicoracei (fronde) di rado semplici— 
Stichodactyline. 

Tentacoli molto grandi: coperti da tentacoletti secondarii (dendriti)— 
Thalassianthide. 


But these distinctions are insufficient. It is impossible to 
regard the compound tentacles of Haeckel’s Crambactis as 
differing essentially from those of Megalactis, and in Andres’ 
own monograph ample and cogent reasons against Andres’ sub- 
divisions may be found. Again, Thelaceros possesses com- 
pound tentacles, differing not more from those of Thalassian- 
thus or of Actiniaria than from those of many Stichodactyline. 
And it at the same time possesses tentacles disposed in “ serie 
radiali.”’ The criticism of Hertwig certainly holds. It is im- 
possible to separate sufficiently the Hexactinian groups by 
tentacle form alone. The “Challenger” material did not contain 
many of these forms. Hertwig has described only Coralli- 
morphus and a doubtful Corynactis. He has pointed out the 
old distinction of Verrill—that more than one tentacle com- 
municates with the same radial chamber; but, unlike Verrill, 
he has recognised its great importance. He defines the family 
Corallimorphide as having knobbed tentacles, and more than 
one tentacle communicating with the same radial chamber. 
This group corresponds with the Corynactide of Andres if 
Hertwig’s provisional inclusion in it of Corynactis be accepted. 
But a great difficulty stands in the way. Hertwig himself 
has shown the great morphological value of the presence or 
absence of a sphincter muscle. Andres, in his account of 
Corynactis viridis, states “tentacoli retrattili; ” and Allman, 
in his original description of the genus, gives a plate showing C. 
viridis in various stages of contraction, and in one of these 
stages the oral disc is completely occluded over the tentacles. 
Hertwig distinctly states that a sphincter is absent in the form 
which he doubtfully referred to Corynactis. 

The absence of a sphincter is a prominent feature in many 
of the forms under consideration. Hertwig has shown its 
absence in Corallimorphus. It is undoubtedly absent in 
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Thelaceros. Beyond this exact anatomical data fail. But 
Klinziger says of Discosoma, “ Mundscheibe nicht ein- 
stulpbar ;”’ of Cryptodendrum, “ scheibe nicht retractit.’’? For 
the most part observers entirely omit to make definite state- 
ments upon so striking a feature, and Andres sometimes omits 
even the scanty statements made by the authors he cites. 
But some of the forms under Stichodactyline and Thalas- 
sianthide have retractile tentacles, and so probably a sphincter. 
Such are the Aurelianide, which some state to be quite retrac 
tile; the Capreide, Heterocanthus (= Actinothrix of Andres), 
in which apud Klinziger the oral disc is ‘ fast ganz retractil.” 
It is therefore obvious that from want of accurate anatomical 
investigation so important a character as the presence or 
absence of asphincter is set at nought in the existing classifica- 
tions of this set of Hexactinians. It is equally obvious, con- 
sidering the almost undoubted presence of a sphincter in 
Corynactisand itsundoubted absence in Hertwig’s “Challenger” 
Supplement form, that this form must be definitely separated 
from the genus Corynactis. If this be done, from the mass of 
confusion in which the forms under consideration are involved, 
one group stands clearly defined ; 


Corallimorphide, Hertwig. 


Hexactinia without a sphincter, cinclides, or acontia, with 
accessory tentacles, so that more than one tentacle opens into 
a single radial chamber, with the normal and accessory tentacles 
knobbed. 

1. Corallimorphus. 

2. The form described by Hertwig in the “ Challenger” 
Supplement, and wrongly spoken of as a doubtful Corynactis. 

As yet all these forms are deep-water, while Corynactis is 
littoral. To this family I propose to add another equally de- 
finite family : 


Thelaceride. 


Hexactiniz without a sphincter, cinclides, or acontia, with 
numerous accessory rudimentary tentacles, so that more than 
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one tentacle communicates with a radial chamber, with the 
normal tentacles covered by small compound hollow pro- 
tuberances. The accessory tentacles rudimentary. 


Thelaceros. 
Shallow water. 


These two families are closely allied. The centripetal dislo- 
cation of the tentacles, which is so well marked in Coralli- 
morphus, is only indicated in Thelaceros. In both there is a 
striking arrangement of some of the tentacles in groups of 
three. In both the pedal disc is small compared with the oral 
dise, and in both there is an indistinctness or absence of sipho- 
noglyphes. In both the polyps are of an unusually firm con- 
sistency. The large size and the strong development of the 
longitudinal muscles in Thelaceros contrast with the small size 
and weak musculation of Corallimorphus. But the difference 
in conditions of existence between the crowded life of a man- 
grove swamp (Hickson) and the monotonous repose of deep 
water may well be connected with structural differences. The 
Thelaceride and Corallimorphide are probably not very far 
removed from a primitive Hexactinian stock. This stock was 
probably devoid of sphincter or acontia, and it had a weak 
musculation and pedal disc very small or absent. The stock 
would, in fact, be not very far removed from the Anthro- 
morphide of Hertwig. The Corallimorphidze going to deep 
water required and developed no strong muscular system. 

The conditions of existence for the ancestral Thelaceridz 
made protection an advantage or a necessity to the ancestral 
Thelaceride. The ordinary Hexactinians are protected by an 
occlusion of the oral disc over the tentacles ; the Thelaceride 
by a sudden vertical contraction withdraw themselves into the 
mud, a continual selection having favoured those with strong 
longitudinal muscles. The oral disc remained uncontracted, 
and in correlation with this the tentacles became peculiarly 
modified. Not improbably another method of protection, the 
increasing the rigidity of the polyp—a rigidity incipient in 
Thelaceros and Corallimorphus—by the disposition of cal- 
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careous matter, gave rise to the corals. Among the many incom- 
pletely investigated forms grouped under Andres’ Stichodac- 
tylinee, immediate allies of the Thelaceride will probably be 
found ; and attention may well be directed to the Discosomide, 
with their abnormal radially arranged tentacles and unre- 
tractile disc; and the Cryptodendride, also with abnormal 
tentacles and unretractile disc. These are both littoral forms, 
and may stand on either side the Thelaceride. 
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EXPLANATION OF PLATE XXXVI, 


Illustrating Mr. P. Chalmers Mitchell’s paper on “ Thela- 
ceros rhizophore, n. g. et sp., an Actinian from Celebes.” 


Fic. 1.—Diagram of the tentacles and mesenteries in Thelaceros rhizo- 
phore. The tentacles are represented by unshaded circles; the endoccles 
of the four orders are variously shaded; the exocceles are unshaded. D. 
Directive mesenteries. 1 and 2. Pairs of mesenteries of the first and second 
order. 3. Pair of mesenteries of the third order. 4. Pair of mesenteries of 
the fourth order. ¢. Exoccelic tentacle. 7, ¢,, ¢,, ¢,. Tentacles of the corre- 
sponding endoceeles. 

Fic. 2.—Tentacle. x 4°5. 


Fie. 3.—Under surface of a tentacle with the cavity opened, showing the 
entrance into the cavities of the protuberances. 


Fic. 4.—Transverse section through a part of a tentacle and protuberance. 
a. Cavity of tentacle. 4. Cavity of tentacular outgrowth. ez. Endoderm ; 
the cell outlines have all disappeared, and only a thick layer of parasitic alge 
are left. mg. Mesoglcea, with fine fibrils. mm. 2. Ectodermal muscular layer, 
forming in the tentacle a folded layer of fibres in transverse section, with 
occasionally a part occluded in the mesoglea. m. 7. 1. Ectodermal muscular 
layer of protuberance ; fibres cut obliquely. x. 7. Nervous layer. e./. Ecto- 
dermal epithelium with nettle-cells, young nettle-cells, and nuclei. 


Fie. 5.—Part of the oral disc. 7.1, ¢. 2. Tentacles of the inner circle 
belonging to the first and second orders. 7. 4, ¢. 3, ¢. 4, form one of the sets 
of three. ¢, ¢, ¢, ¢. Tentacles of the outer circle. The mesenteries are seen 
as lines, extending from each side of the base of each tentacle towards the 
stomodeum. On the oral disc, between the mesenteric lines, are seen the 
accessory tentacles. 


Fie. 6.—Inner (endoccelic) face of a mesentery of the first order, with the 
adjacent exoceelic tentacle. 4. w. Body wall, thick in the column and on the 
base, thin on the disc. 7. m.1, /. m. 3, 1. m.4. Longitudinal muscle. J/. m. 2. 
Parieto-basilar muscle. s¢. Stomodeum. g. Genital organ. m.f Contorted 
edge of mesentery, with filament. 
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Notes on the Genus Monstrilla, Dana. 
By 


Gilbert C. Bourne, M.A., F.L.S., 
Fellow of New College, Oxford, and Director of the Marine Biological 
Association. 


With Plate XXXVII. 


In 1848 Dana! described under the name of Monstrilla 
viridis an anomalous Copepod, taken in the Sulu seas during 
the Wilkes’ Exploring Expedition. In 1857 another specimen 
of this remarkable genus was found by Sir John Lubbock? at 
Weymouth, and was described by him as M. anglica. Two 
years later Semper,’ writing to Kolliker from Zamboanga, 
gave an account of a Cyclops-like parasitic Crustacean (Cyclops- 
aihnlichen Schmarotzerkrebse) which is clearly of the genus 
Monstrilla; and in 1863 Claparéde* gave a detailed account of 
several specimens from St. Vaast la Hougue, to which he gave 
the specific name of Monstrilla Dane. At about the same 
time Claus’ described as Monstrilla helgolandica two 
females of this genus taken by him in Heligoland. No further 
captures of Monstrilla were recorded from this time up to 


1 J. D. Dana, ‘ Proc. Amer. Acad. Art. Sci.,’ vol. ii, p. 53. See also the 
‘Crustacea of the U. 8S. Exploring Expedition,’ part ii, p. 1313. 

2 J, Lubbock, ‘Ann. Mag. Nat. Hist.,’ 2nd ser., vol. xx, p. 409, pl. x, 
figs. 7 and 8. 

3 C. Semper, ‘ Zeit. Wiss. Zool.,’ xi, p. 105. 

4 Hd. Claparéde, ‘ Beobacht. tiber Anat. u. Entwicklungsgesch. Wirbellos. 
Thiere,’ Leipzig, 1868, p. 95, Taf. xvi, figs. 1—6. 

® C. Claus, ‘ Die freilebenden Copepoden,’ Leipzig, 1863, p. 164, Taf. xii, 
fig. 15, and Taf. xiii, fig. 9. 
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1887, when I. C. Thompson! obtained a single female off 
Teneriffe, and soon afterwards another specimen of this genus 
was taken by the Liverpool Marine Biological Society near 
Puffin Island. Since then several specimens have been found. 
The genus is apparently fairly abundant at Jersey, and I have 
received, through the kindness of Dr. A. M. Norman, a con- 
siderable number of individuals, belonging, as will be shown 
below, to three different species, collected near the Channel 
Islands by Mr. J. Sinel. Eight specimens have been taken at 
Plymouth this year by Dr. Norman and myself, and Mr. T. 
Scott? has taken two near Inchkeith in the Firth of Forth. It 
has been found also in Lamlash Bay, Arran, and Loch Linnhe. 
Unfortunately, Thompson, in describing his Madeira specimen, 
failed to recognise its identity with Monstrilla, and not only 
described it as a new genus and species under the name of 
Cymbasoma rigidum, but has created the new family of 
Cymbasomatide for its reception. To the specimen from 
Puffin Island Thompson has given the name of Cymbasoma 
Herdmani,? and Scott’s specimens from the Firth of Forth 
and Sinel’s from Jersey have been referred to Cymbasoma 
rigidum. 

Monstrilla is a genus of such an abnormal character that I 
was led to make a careful study of my first specimen, and as 
Dr. Norman has been kind enough to forward me a number of 
specimens in his possession, together with the two specimens 
taken by Scott in the Firth of Forth, which this observer has 
kindly permitted me to use, I have been able to make out 
several features imperfectly described or overlooked by previous 
authors, and to throw some light on the systematic position of 
the genus. 

Although all the specimens of Monstrilla hitherto recorded 


1 J. C. Thompson, ‘‘ Copepoda of Madeira and the Canary Islands” ‘ Journ. 
Linn. Soe.,’ vol. xx, p. 154, pl. xiii, figs. ]—4. 

> Thomas Scott, ‘Seventh Annual Report of the Fishery Board for Scot- 
land,’ p. 316. 

° I. C. Thompson, “Second Report on the Copepoda of Liverpool Bay,” 
‘Proc. Liv. Biol. Soc.,’ ii, p. 70, pl. i, figs. 10-12. 
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have been found swimming freely at or near the surface of the 
sea, the genus shows, in many respects, the characters of a 
parasitic Copepod. 

The cephalothorax comprises five apparent segments ; the 
first thoracic segment is fused with the head, and the two are 
enormously elongated, giving the animal a very characteristic 
appearance (fig. 1). The abdomen comprises two, three, or 
four segments in addition to the furca, the number of abdominal 
segments affording excellent specific characters. The first four 
segments of the thorax bear typical swimming feet ; the proto- 
podite is very large and provided with powerful muscles; the 
endopodite and exopodite have each three joints. The exo- 
podite bears a short external spine on the first and on the third 
joints, and is furnished with seven stout plumose sete. The 
endopodite is furnished with the same number of similar setz. 
In one species, Monstrilla helgolandica, there is a spine 
on the internal and lower angle of the protopodite. The fifth 
thoracic segment bears, in the female, a pair of smaller 
modified appendages. Hach member of the pair consists of a 
protopodite, from which arises a single-jointed exopodite bear- 
ing three strong setz ; internally there is a finger-shaped pro- 
cess, longer in some species than in others, which is the repre- 
sentative of the endopodite. This rudimentary endopodite has 
been overlooked by previous observers (fig. 10). In the male 
the fifth thoracic appendages are generally absent, but I have 
detected a minute rudiment corresponding to them in one of my 
specimens. 

Both males and females have a single pair of antennz, which 
in the former sex are modified for grasping; the second 
antennz, unless certain structures to which reference will be 
made below may be considered as rudiments of these appen- 
dages, are entirely absent. 

The first antenne of the female consist each of four joints, 
of which the last is nearly as long as the other three. Claus 
also describes four joints in Monstrilla helgolandica, 
but I am otherwise unable to reconcile his account with my 
specimens, for he describes the two last joints as being much 
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elongated, and regards each as being composed of two fused 
joints, making the total number six.'. His figure (op. cit., 
Taf. xii, fig. 15) is hardly in accordance with his description. 
The characters of the antenne, and the arrangement of 
their spines and sete will best be understood by reference 
to fig. 2. 

The antenne of the male, in M. anglica, have each five 
joints, of which the two last are subequal in length, and are 
hinged so that the last joint may be folded back on the fourth. 
The terminal part of the last joint is obscurely marked off as 
a sixth joint and is furnished, besides others, with two dicho- 
tomously branched sete, which are probably smelling hairs 
(fig. 6). A comparison of the antenne of the male and 
female lead to the conclusion that the three proximal joints 
correspond in the two sexes, but that the fourth joint in the 
female is formed of three fused joints of which two are com- 
pletely and one incompletely separated in the male. Thus, as 
Claus pointed out, the number of joints in the antennee is six, 
and in this, as in their general characters, they resemble those 
of the Coryceide. 

Not only are the second antennz absent in all the adult 
specimens examined by me, but also all the gnathites, as has 
been noticed by all previous observers with the exception of 
Semper, who refers to two pairs of small processes lying above 
the mouth, which he thinks may be the rudiments of the 
gnathites (op. cit., p. 106). In one of the immature speci- 
mens, taken by Dr. Norman, I found two such pairs of minute 
processes, and have not the least doubt that they are the 
representatives of the gnathites, probably of the mandibles 
and maxille. They are shown in fig. 11. I was unable to 
find any trace of them in the adults, and conclude that they 
must be lost during subsequent ecdysis. 

1 Since writing the above 1 have observed that the antenne in Scott’s 
specimens from the Firth of Forth have the characters assigned to M. 
helgolandica by Claus. I have no doubt, therefore, that Scott’s specimens, 


which differ in this as in other points from the others in my possession, 
belong to the species discovered by Claus in Heligoland. 
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The eyes have been variously described by different 
authors ; Dana and Claparéde describe two simple eyes above, 
and a single median eye on the lower side. Semper describes 
a single non-facetted eye, consisting apparently of a single 
hemispherical lens, surrounded by pigment. Claus describes 
a single upper eye with two large lenses, and Thompson has 
given a similar account of the eyes of his Cymbasoma 
rigidum. Claparéde states that the males of M. Dane are 
entirely devoid of eyes. 

My own observations confirm those of Dana and Claparéde. 
In the males of M. anglica and the females of M. rigida 
one sees on the upper surface of the anterior part of the head 
an apparently single median eye, consisting of two lenses 
embedded in cup-shaped masses of dark brown pigment. The 
lenses are placed back to back so as to look laterally and 
somewhat anteriorly. On the ventral surface of the head is a 
third median lens embedded in pigment which is continuous 
with that of the upper lenses. The specimens of which I have 
been able to cut sections were not well enough preserved for 
me to be able to give account of the minute structure of these 
eyes, but from what I can make out they must be described as 
three monomeniscous eyes placed back to back. The eyes 
appear to differ in some other species. I have, for instance, 
an apparently eyeless male, similar to that figured by Claparéde, 
which in all other features resembles M. anglica, and 
in M. longispinosa the median lower eye appears to be 
absent. 

Situated at a short distance behind the antennz, on the 
ventral surface of the head, are a pair of pits, which may be 
seen in fig. 1, and one of them is represented highly magni- 
fied in fig. 4. The exact nature of these pits is not yet 
clear to me. At first I was inclined to consider them as the 
rudiments of the second antenne, but a further study leads 
me to believe that they are the openings of glands. In some 
specimens the aperture at the base of the basin-shaped depres- 
sion of the cuticle appears to be surrounded with glandular 
cells, and in fig. 5 two masses of cells embedded in pigment 
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may be seen in the position of these openings. For the 
reasons already stated I am unable to throw much lght on 
these structures by the study of sections, but, as far as my 
sections show anything, they support the view that they are 
the openings of a pair of glands. If this is the case, there 
is a pair of glands opening in the same position as 
the “green-glands” of the Decapods and some Amphipods ; 
for it must be conceded that, although the second antenne are 
absent in Monstrilla, these openings occupy the place in which 
they would be found were they present. Claus describes a 
pair of “shell-glands ” in the nauplius of Cyclops opening on 
the bases of the second antenne (‘ Freilebenden Copepoden,’ 
p. 60, Taf. i, fig. 8). A reference to Claus’s memoir will show 
the relation of the known antennary glands of Copepoda to 
the openings in Monstrilla, and a short discussion on their 
morphological significance is given in the same place.! 

The mouth opens on a small cone on the ventral surface of 
the head. In Monstrilla viridis and M. helgolandica it 
is situated nearly in the middle of the first body-segment, but 
in other species it is placed more anteriorly, not far behind the 
antenne. It leads into a pharynx with tolerably thick walls, 
which is connected by a string of tissue, thicker in some species 
than in others, with the hypodermis. 

The only other feature in the external anatomy which calls 
for special mention is the appendage of the first abdominal or 
genital segment. 

In the females of the majority of the species of Monstrilla 
this has the form of a pair of stout sete, the bases of which 
enclose the genital aperture. The setz are somewhat swollen 
and flexuous towards their extremities and end in fine points 

1 The “green-glands”’ of the Malacostraca are not the homologues of the 
« shell-glands ” of Phyllopods, which open at the base of the fifth pair of 
appendages (second maxille) ; whereas the sreen-glands belong to the second 
pair of antenne. The glands described by Claus in the nauplius of some 
Copepods are therefore the homologues of the green-glands of the Decapods ; 
and the glands of Monstrilla, if I am right in believing them to be such, 


would have the same homology. Vide Claus, ‘ Untersuchungen des Crus- 
taceen Systems,’ Wien, 1876, p. 28. 
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which are often spirally twisted together (fig. 8). When the 
set are double they do not generally extend far beyond the 
furcal sete. In M. longispinosa the genital opening is 
situated at the base of a ventral projection, from which pro- 
ceeds a stout median seta; this seta is single for the first part 
of its course and then bifurcates to form two long setz similar 
to those in other species. In this case the genital seta is more 
than one and a half times the length of the animal. In the 
males the genital aperture is situated on a conical ventral pro- 
jection, and this is provided with a pair of foliaceous lappets, 
as shown in fig. 9. These organs, which at first sight appear to 
be peculiar to the genus, can, I think, be nothing more than an 
enormous development of the genital armature found in many 
Copepoda, especially in the genera Eucheta, Cyclops, Cantho- 
camptus, and many Calanide (see Claus, op. cit. p. 65). 

According to Claparéde the genital appendages of the 
female serve for the attachment of the ova during the earlier 
stages of development, and he figures a female bearing a mass 
of ova in this position. I have had some difficulty in deter- 
mining whether these are really ova on the spermatophores of 
the male, since I have not been able to procure specimens 
with masses of “ova” attached. From the study of a female 
of M. rigida which bears a few of these bodies, and from 
observations communicated to me by Mr. Sinel, I have little 
doubt that Claparéde describes them correctly. At the time 
of their attachment they are surrounded by a mass of 
gelatinous matter which serves to attach them to the genital 
sete. 

Of the internal anatomy of Monstrilla there is little to be said. 

Excepting for the mouth and pharynx, which have already 
been described, the alimentary tract is altogether aborted. 
The cellular cord which passes from the pharynx appears to be 
attached to the sheath of the nervous cord at the place where 
the esophagus, if present, would pass between the connectives 
of the former. 

Claus has called attention to the remarkable fact that in 
the female, when the ovary is not distended, the body wall is 
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separated from the chitinous shield of the cephalothorax, and 
forms a relatively thin cord traversing the latter. 

Claparéde pointed out that the males differ from the females 
in this respect: they have, in fact, powerful longitudinal mus- 
cles in the cephalothorax, which are not figured by Claparéde ; 
their arrangement is shown in fig. 5. In the female the 
ripe ovary distends the body and causes it to fill the cephalo- 
thoracic shield completely. It is in the form of a single 
median sac, and extends when full nearly as far forward as the 
eyes. The ova are relatively large and filled with yolk-sphe- 
rules. Semper’s specimen, which he describes as having very 
small ova, with the ovary extending very little into the cepha- 
lothorax, was probably unripe. The oviducts are difficult to 
distinguish, as they are compietely hidden in the anterior part 
of the thorax by the muscles. Their terminal portion is easily 
distinguishable in a side view, but not from above or below for 
the same reason. As far asI have been able to make out, the 
two oviducts are united shortly before their termination, and 
open by a common pore on the ventral surface of the first 
abdominal segment between the origins of the genital sete. 
The testis does not appear to offer any peculiar feature, as 
compared with that of other Copepods. 

The nervous system has been described by Semper and 
Claparéde. I was able to follow its general character in 
sections. It consists of a large cerebral ganglion, with which, 
judging from the position of the cesophageal cord, several post- 
oral ganglia are fused. Nerves are given off from the cerebral 
ganglion to the antenne, and to the antennary muscles. The 
optic nerves can be distinguished in sections as short stems 
rising from the upper and anterior part of the ganglion. 
Posteriorly the ganglion is continued into the ventral cords, 
which appear single in a surface view, but are shown to be 
double in section. This double cord traverses the elongated 
anterior segment, and just before the origin of the first pair of 
swimming feet enlarges into a ganglion, from which stout 
nerves are given off to the swimming feet and to the longitu- 
dinal muscles of the body. From this point the ventral nerve- 
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cord is continued posteriorly as a flattened band, the double 
nature of which is shown by its dumb-bell shape in section. 
There is no trace of ganglionic enlargements. The cord may 
be traced as far back as the fifth thoracic segment, where it 
thins out and disappears. 

Such is the general organisation of this remarkable genus. 
The determination of the species included in the genus is 
a matter of considerable difficulty, as the earlier descriptions 
are deficient, and it is in some cases difficult to make an 
accurate determination from the representations of the animal. 
Dana’s Monstrilla viridis appears to be identical with 
the specimen described by Semper, both being characterised 
by the mouth being situate in the middle of the thorax. 

Monstrilla anglica, Lubbock, and M. helgolandica, 
Claus, resemble one another in having six sete on each 
member of the furea, and differ in the number of abdominal 
segments, and apparently in the characters of the antenne, 
which are very long in Lubbock’s figure. I regard M. 
anglica as identical with Thompson’s Cymbasoma Herd- 
mani, and with the specimens, all males, which I have re- 
ceived from Sinel, from Jersey. M. helgolandica, I am 
inclined to think, is identical with Scott’s specimens, relying 
on the characters of the antenne and the position of the 
mouth, but the latter have four abdominal segments, whereas 
Claus only describes three. This may be explained by the 
fact that Claus’ specimens are young, as appears to be the case 
from his figures and description. 

Claparéde’s figure of the female of M. Dane shows three 
sete on each furcal member and three abdominal segments. 
I regard it as identical with a specimen found by myself at 
Plymouth on October 24th, and with two specimens sent by 
Sinel from Jersey. All these are females, and are charac- 
terised by the elongate cephalothorax and the relative narrow- 
ness of the body. Claparéde’s male clearly belongs to another 
species; he figures four setee on each furcal member, but, 
judging from the specimens in my possession, there must be six, 
and he has omitted to count them carefully. Nor does he 
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give a satisfactory representation of the number of abdominal 
segments in his figure, which otherwise resembles some of 
Sinel’s specimens from Jersey, which I have identified as 
M. anglica. 

The young specimens found in Plymouth in August by 
Dr. Norman have three setz on each furcal member and two 
abdominal segments; they are identical with a single adult 
female in the collection sent to Dr. Norman by Sinel, which is 
further characterised by the shape of the first abdominal 
segment, which is elongate, twice as long as the last thoracic 
segment, and swollen, and by the fifth pair of legs, which are 
elongate, and have relatively long endopodites. These are 
clearly identical with Thompson’s Cymbasoma rigidum, 
and must be placed under a separate species as M. rigida. 
Finally there is the single specimen taken by myself at 
Plymouth on Sept. 11th, which differs from all other species in 
the immense length and single origin of the genital appendage, 
and from M. rigida in the proportions of the fifth pair of legs 
and of the first segment of the abdomen. This specimen I 
propose to describe as a new species under the name of 
M. longispinosa. 

To sum up, the genus and species of Monstrilla may be 
defined as follows: 


Genus Monstrilla, Dana. 

Cephalothorax composed of five apparent segments ; the first 
segment consisting of the fused cephalon and first thoracic 
segment, enormously elongated, covered with a delicate trans- 
parent chitinous shield, often separate from the body wall. 
Abdominal segments 2—4, besides the furca. Four pairs of 
powerful thoracic swimming feet, a fifth pair, rudimentary, 
present in the female. The second antenne and all the 
gnathites absent in the adult. The females provided with a 
genital appendage on the ventral side of the first abdominal 
segment, in the form of two sete or a single seta which 
bifurcates at some distance from its origin, and which may 
greatly exceed the length of the whole body. Male with an 
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obtuse process in the same situation furnished with a pair of 
short foliaceous lappets. Two simple eyes and a third simple 
eye below. Mouth situated on a conical process on the ventral 
surface of the cephalon, leading into a short pharynx; the 
remainder of the digestive tract aborted. 


A. Three sete on each furcal member. 

1, Monstrilla rigida, I, C. Thompson. Cymbasoma 
rigida, I. C. Thompson (‘ Proc. Linn. Soc.’). 

Two abdominal segments, the first twice as long as the pre- 
ceding thoracic segment, swollen, bearing two genital setz, 
which do not extend far beyond the furcal sete. Hab. 
Madeira, Plymouth, Channel Islands. 

2. Monstrilla longispinosa, nov. sp. 

Two abdominal segments, the first of equal length to the 
preceding thoracic segment, and provided with a genital seta, 
single at its origin, bifurcating behind the furca, and more than 
half as long again as the whole animal. Fifth thoracic ap- 
pendages of the female short, with the endopodite shorter than 
the exopodite. Hab. Plymouth. 

3. Monstrilla Dane, Claparéde (‘ Beobacht. iiber Anat. u. 
Entwick.,’ &c., p. 95. 

Three abdominal segments, the first bearing two genital 
sete. Body elongate, narrowed. Hab. Cherbourg, Plymouth, 
Channel Islands. 


B. Six setze on each furcal member. 

4. Monstrilla viridis, Dana (Dana, ‘ Proc. Amer. Acad.,’ 
li, p. 52). 

Four abdominal segments ; buccal cone in the centre of the 
cephalothorax. Hab. Sulu seas, Zamboanga. 

5. Monstrilla helgolandica, Claus (‘ Freileb. Copep.,’ 
p- 165). Cymbasoma rigidum, Scott (‘Seventh Ann. 
Report, Fishery Board for Scotland,’ p. 316). 

Four abdominal segments. Antennz four-jointed, the two 
last joints elongate, subequal. The protopodite of the swim- 
ming feet bears a spine on its interior lower angle. Hab. 
Heligoland, Firth of Forth. 
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6. Monstrilla anglica, Lubbock (‘ Ann. Mag. N. H.,’ 2nd 
ser., xx, p. 409). Monstrilla Dane, ¢ Claparéde, ‘Beobacht. 
iib. Anat. u. Entwick.,” p. 95. Cymbasoma Herdmani, 
I. C. Thompson (‘ Proc. Liv. Biol. Soc.,’ 11, p. 70). 

Four abdominal segments. Antenne of the male five- 
jointed, the two last joints subequal, hinged on each other to 
form a grasping organ. Hab. Weymouth, Cherbourg, Channel 
Islands, Liverpool Bay. 

Dana placed the Monstrillacea under his sub-order Cor- 
mostomata, of which it forms the first tribe, the sub-order 
including the Caligacea, Lerneacea, andthe Nymphacea, 
Claparéde very justly remarks that Monstrilla has no resem- 
blance to any other members of the Cormostomata, and pro- 
ceeds to point out a resemblance between this genus and the 
Pontellidz, apparently because of the similarity of the eyes ; 
Monstrilla, however, differs entirely from the Pontellide 
in the character of its antenne. Claus (op. cit., p. 48) points 
out the resemblance of the eyes of the Corycxide to those of 
the Pontellida, without attributing any relationship on this 
account. In the same way the eyes of Monstrilla are similar 
to those of the Corycewide, and this, taken together with the 
character of the antennz, the reduction of the mouth parts, and 
the habit of the animals, seems to justify the position of Mon- 
strilla among the Coryceide, where it was placed by Claus. 
There are no grounds for Thompson’s family of Cymbasoma- 
tide, nor for placing Monstrilla among the Artotrogida, 
as he has done in his first notice of the genus. 

The aberrant character of the genus, however, might warrant 
us in regarding the Monstrillide as a separate sub-family of 
the Coryceide. | 

It will be noticed that nearly all previous authors have 
regarded Monstrilla as a parasitic form, for no other reason 
than the absence of mouth parts and alimentary tract. Ex- 
cepting this character, there is no evidence for attributing para- 
sitic habits to the genus. Every specimen that has yet been 
caught has been found in a free pelagic condition. The living 
animal is extremely lively, and swims with an energy unusual 
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among Copepoda. The well-developed swimming feet, with 
their powerful musculature, and the equally powerful muscula- 
ture of the body, and, as Claparéde has pointed out, the total 
absence of hooks or limbs modified for grasping (excepting the 
antennz of the male, which have a merely sexual significance), 
speak against a parasitic habit. In the present state of our 
knowledge its mode of life must remain something of a mystery. 
Having no alimentary tract, and no organs for seizing or man- 
ducating food, it cannot feed itself. Possibly this creature 
may present an analogy with the Ephemeride, and the adult 
may be preceded by a predaceous larva supplied with mouth 
parts and an alimentary tract, which, after a succession of rapid 
ecdyses, develops into the mature sexual form, whose only 
function is that of reproduction. The fact that the female 
carries the ova would seem opposed to this view, but it might 
be suggested that the abortion of the muscles of the anterior 
part of the cephalothorax and the existence of numerous oil- 
globules in this region might afford, on the one hand, an 
economy in nutrition, and on the other hand a store of nutri- 
tive material sufficient to prolong her life for the period 
necessary for hatching the ova. It must be allowed, however, 
that the undoubtedly young specimens taken by Dr. Norman 
afford no support to this suggestion, except that in some of them 
rudiments of gnathites, which are entirely absent in the adults, 
are present. 

In concluding, I must express my great obligations to Dr. 
Norman for kindly lending me the specimens in his possession, 
and for procuring for me, from different sources, the other 
specimens which have enabled me to give an account of the 
species of this genus. 
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DESCRIPTION OF PLATE XXXVII, 


Illustrating Mr. G. C. Bourne’s paper “ On the Genus 
Monstrilla.” 


Lettering in the Following Figures. 


a. First antenna. ad'.—ad*. First to fourth abdominal segments. a. 9. 
Openings of the antennary glands. e. Hye. ez. Endopodite. ex. Exopodite. 
g. 4. Genital appendage. gz'. Cerebral ganglion. gz. Thoracic ganglion. 
m. Mouth. md. Mandible. ma. Maxilla. ov. Ovary. s.f'.—s./4. First 
to fourth swimming feet. v. d. Vas deferens. 


Fic. 1.—Monstrilla longispinosa, nov. sp., lateral view of an adult 
female. The genital appendage is cut off short. It is actually one and a half 
times the length of the entire animal. 

Fie. 2.—Ibid.?. ‘The first antenna, highly magnified. 

Fig. 3.—Ibid. The two abdominal segments and furca from below, 
showing the bifurcate genital appendage. 

Fie. 4.—Ibid. The opening of one of the antennary glands, highly 
magnified. 

Fie. 5.—Monstrilla anglica, Lubbock, ¢. Ventral view of the con- 
joint head and first thoracic segment, showing the median ventral eye, e.; the 
mouth, m.; the nerve-cord and ganglia, and the arrangement of the muscles. 

Fic. 6.—Ibid. The first antenna. 

Fic. 7.—Ibid.—The four abdominal segments and furea from above, 
showing the six furcal sete. 

Fie. 8.—Monstrilla rigida, I. C. Thompson, 2. Terminal part of 
genital appendage. 

Fie. 9.—Monstrilla anglica, Lubbock, ¢. Genital appendage. 

Fig. 10.—Monstrilla longispinosa, n. sp., 2. Fifth pair of swimming 
feet. 

Fie. 11.—Monstrilla rigida, I. C. Thompson, 2, juv. Mouth and 
rudimentary gnathites. Highly magnified. 

Fic. 12.—Ibid., I. C. Thompson, 9, adult. Ventral view of the hinder 
part of the thorax and the abdomen. 

Fic. 18.—Monstrilla Dane, Claparéde, 2. Dorsal view of cephalo- 
thorax, showing the ripe ovary. 

Fie. 14.—Monstrilla helgolandica, Claus, 2. First antenna. 

Fie. 15.—Ibid. One of the swimming feet. 
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On the Maturation of the Ovum and the Early 
Stages in the Development of Allopora. 


By 


Sydney J. Hickson, M.A.Cantab., D.Sc.Lond., Xc., 
Fellow of Downing College, Cambridge. 


With Plate XXXVIII. 


My investigations may conveniently be considered under the 

following headings : 

1. General summary of events. 
The formation and fate of the trophodisce. 
. The changes of the germinal vesicle 
The formation of the embryonic ectoderm. 
The history of the yolk. 

6. General considerations and conclusion. 

Contrary to general custom, I propose to commence with a 
summary of events. The reason for this is that the history of 
three structures growing and changing simultaneously has to 
be considered: namely, the trophodisc, the yolk, and the 
germinal vesicle; and it will be convenient to consider briefly 
the three together before proceeding to describe them separately 
in detail. 


Se oa le 


I. Summary of Events. 

1. The ova and young embryos are, so far as my experience 
goes, only found in the younger branches of the colony. The 
sperm-morule and spermatozoa are only found in the older, 
thicker branches. The youngest ova are first seen either (a) 
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in the endoderm of the canals, or (b) in the degenerated cell- 
mass of the trophodise of an escaped embryo (Plate XX XVIII, 
figs. 2 and 38). 

2. As an ovum growimg in one of the ordinary canals 
enlarges it pushes out the endoderm and ectoderm of the 
canal in which it is formed, and thus forms for itself a diverti- 
culum connected with the canal by a narrow aperture. At 
the same time the endoderm of the canal wall in the immediate 
neighbourhood of the aperture of the diverticulum becomes 
thickened and throws out five radial pouches, which embrace 
the proximal pole of the diverticulum containing the ovum 
(Pl. XXX VIII, fig. 5). 

3. The five radial pouches thus formed throw out secondary 
pouches and become flattened against the proximal pole of the 
ovum, and thus form a nourishing lenticular mass of cells— 
the trophodisc! (Pl. XX XVIII, fig. 7). The protoplasm of the 
ovum is at first clear, but with the formation of the trophodisc 
it becomes filled with small yolk-spheres. It possesses no 
trace of a vitelline membrane, but is surrounded and protected 
by a chorion, the attenuated ectoderm and endoderm of the 
primitive diverticulum. The germinal vesicle is large, spherical, 
or oval in shape, limited by a well-marked membrane, and 
contains a large germinal spot, and a sparse chromatin mesh- 
work with nodal thickenings (Pl. XX XVIII, fig. 6). 

4. When the trophodisc is fully formed and the lumina of 
its constituent pouches obliterated, the germinal vesicle be- 
comes oval or irregular in shape and travels towards the distal 
pole of the ovum. At this stage all the yolk-globules are 
spherical in shape, the larger ones are found only in the 
proximal and peripheral regions of the egg, those found in the 
immediate neighbourhood of the germinal vesicle being smaller 
and very numerous (Pl. XXX VIII, fig. 7). 

5. The germinal vesicle travels until it reaches the chorion 
covering the distal pole of the ovum, when two polar bodies are 
protruded. The germinal vesicle then flattens itself against 
the chorion, and apparently remains in that position for some 
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time. Fertilisation was not observed, but it seems probable 
that it takes place at this stage (Pl. XX XVIII, figs. 10, 11). 

6. The germinal vesicle, or perhaps it ought to be called the 
oosperm nucleus, next withdraws from the chorion, and is then 
seen to be hemispherical on its proximal aspect but irregular, 
and provided with several amoeboid, finger-like processes on its 
distal side (Pl. XX XVIII, fig. 12). 

7. The membrane surrounding the oosperm nucleus gradually 
disappears, and it becomes impossible to distinguish its proto- 
plasm from the general protoplasm of the ovum. At the time 
of the disappearance of the oosperm nucleus certain changes 
may be observed in the character and arrangement of the yolk- 
globules, the most important of them being the distribution of 
a number of small globules in the peripheral region of the 
distal hemisphere of the ovum (Pl. XX XVIII, fig. 13). 

8. In the next stage one or two irregular lumps of nuclear 
protoplasm may be found in the distal hemisphere of the 
ovum, and in their neighbourhood a few spherical, oval, or 
dumb-bell shaped fragments of the same material(Pl. XXX VIII, 
fig. 14). 

9. A little later the irregular lumps of nuclear protoplasm 
disappear and the smaller spherical ones increase in number. 
All stages in the division of these smaller nuclear frag- 
ments may be observed, and it is very probable that their 
multiplication in this manner is very rapid. In ova of this 
stage vacuolation of the protoplasm usually takes place and 
the larger yolk-globules become irregular in shape and show 
signs of splitting into smaller ones. The lumina of the tro- 
phodise are at this stage quite obliterated and the organ dimin- 
ishes in actual size. A little later it degenerates into a mere 
syncytium crowded with nuclei (Pl. XX XVIII, fig. 15). 

10. As the vacuolation of the ovum proceeds, a thin mem- 
brane of clear protoplasm containing only a few small yolk- 
spherules may be seen to separate from the distal periphery 
of the young embryo. Into this a number of the nuclear 
fragments wander and arrange themselves side by side. 
(Pl. XXXVIITT, fig. 18). This is the primitive ectoderm. 
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11. The primitive ectoderm spreads over the periphery until 
it entirely encloses the central protoplasm and yolk-mass. The 
last point to be enclosed is that immediately in contact with 
the trophodise (Pl. XXXVIII, fig. 17). The central mass of 
the young embryo at this stage consists of a highly vacuolated 
protoplasm containing numerous scattered nuclei and yolk 
bodies. 

12. The embryonic ectoderm cells are formed by the split- 
ting up of the protoplasm into columnar epithelial cells, each 
containing a single nucleus (Pl. XX XVIII, fig. 21). 

13. When the embryo possesses a complete columnar ecto- 
derm it is ready to escape. 

14. The mode of escape has not yet been observed, but 
there can be little doubt that it squeezes its way out through 
a channel that is prepared for it by the absorption of a part 
of the superjacent calcareous skeleton (Pl. XX XVIII, fig. 4). 


II. The Formation and Fate of the Trophodise. 


The female gonophores of Allopora have not been previously 
described, but cup-shaped structures bearing ova are figured 
and described by Moseley (1) in Errina labiata and Plio- 
bothrus symmetricus. In Errina “ the spadix is at first 
cup-shaped, the walls of the cup being composed of a very 
thick layer of endoderm. The cavity of the cup is directed 
towards the surface of the coral and within it rests the single 
large ovum with its distinct germinal vesicle and spot.” In 
Pliobothrus “ each ovum is developed within the cup of a cup- 
shaped spadix.” 

From this it is evident that a structure comparable to the 
trophodise of Allopora also occurs in other Hydrocorallines ; 
but the term spadix must be abandoned, for there is sufficient 
evidence to show that this structure is not homologous with 
the spadix of sessile Meduse. The “ trophodisc ” suggested by 
Professor Lankester is a far better word to use as it expresses 
thefunction it performs without indicating any homological com- 
parison. Before describing the stages in the development of the 
trophodise of Allopora it is necessary to run through briefly 
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the main features in the histology of the general canal system. 
The general arrangement of the canals is very similar to that 
described by Moseley in A. profunda. “The ccenosarcal 
canals form a fine superficial reticulation at the surface of the 
coral beneath the surface layer and spring from a deeper 
meshwork of larger canals which, as in the Stylaster already 
described, have a mainly longitudinal course within the thick- 
ness of the walls of the pore system . . . “i 

The canals vary cousiderably in size, the ares ones being 
about ‘05 mm. in diameter, the smaller ones ‘(02 mm. in 
diameter. In young branches the soft or fleshy parts fit very 
accurately into the corresponding channels in the calcareous 
cenosteum. The soft parts are composed externally of a thin 
ectoderm and internally of a thick endoderm. The two layers 
are separated from one another by a thin homogeneous 
mesoglea. The ectoderm (Pl. XX XVIII, fig. 1) isa thin sheet 
of tissue divided into cell areas by fairly well-marked limits, 
each area provided with a spherical, oval, or flat nucleus. 
Both in the cell substance and nuclei a protoplasmic sponge- 
work may be clearly seen in well-stained preparations. The 
endoderm is practically a solid or tubular rod of cell substance 
bearing at intervals large spherical nuclei. I have not yet 
been able to distinguish in any of my preparations any traces 
of the division of this cell substance into cellular areas. The 
endoderm bears a very well-marked protoplasmic spongework, 
and the nuclei a chromatin spongework with nodal thickenings. 
The mesoglea varies in thickness in different places ; it always 
stains deeply and never exhibits anything but a clear homo- 
geneous structure. The young ova, whose early history I 
shall describe more fully under section 3, cause a swelling or 
protrusion of the endoderm. Now, as I have previously pointed 
out that the fleshy canals of young branches of Allopora fit 
accurately into the canals of the skeleton, the swelling of the 
canals must be accompanied by a process of absorption of the 
skeleton in the immediate neighbourhood of the ovum. This 
process of absorption continues until the large cavity is formed 
called the ampulla, in which the embryo lies before it is dis- 
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charged to the exterior. That absorption of the calcareous 
skeleton does actually take place in the formation of the 
ampulle seems clear enough. In Errina labiata a very 
complicated process of absorption must occur as the ampulle, 
when they contain the ripe embryo, project on the surface 
of the branches. Moseley says: “The ampulle are, in this 
genus, conspicuous bodies, since they appear as hemisphe- 
rical projections from the surfaces of the branches of about 
the size of a mustard-seed. In vigorous specimens they are 
closely crowded together in masses on both sides of the branches 
and branchlets in various regions of the flabellum. The 
ampulla commence as small cavities in the surface layer of 
the ccenosteum of the branches, and gradually enlarging in 
accordance with the development of the ovum contained in 
each, project more and more until those containing mature or 
nearly mature planule appear as conspicuous projections above 
described. A hemispherical cavity excavated in the surface of 
coenosteum corresponds with each ripe ampulla, but the exca- 
vation is usually not deep enough to render the entire ampullar 
cavity spherical in form. . . . . Im accordance with the 
gradual expansion of the ampullar cavity, its outer wall, which 
is finely reticular in structure, becomes thinner and thinner 
until no doubt it at last breaks away entirely, allowing the 
escape of the imprisoned planula.” 

I have no very conclusive evidence to bring forward of the 
way in which this absorption is brought about, but I am inclined 
to believe that the work is done by certain large ectoderm 
cells—calycoclasts—that I have occasionally found in the sur- 
face of very young gonophores. It is quite possible that the 
calycoclasts are generally carried away during the process of 
decalcification. This would account for their paucity in thin 
sections of decalcified specimens. 

When the diameter of the young ovum is approximately as 
large as the canal in which it is formed, a diverticulum of one 
wall of the canal is pushed out and the ovum retreats into it. 
At first this diverticulum is open to the canal by a wide mouth, 
but the lips soon become pleated or pouched and the proximal 
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region of the mouth narrowed. I have found only one speci- 
men with the mouth of the diverticulum widely open. The 
pouching of the lips of the diverticulum is accompanied by an 
increase of endodermal nuclei, and it appears that there is a 
concentration of endodermal tissue in this region. In the three 
specimens that I was able to examine satisfactorily there were 
five pouches, but I am unable to assert positively that this 
number is constant in Allopora. 

In this manner, then, the first rudiments of the trophodise 
are formed. It is essentially a structure formed by the lips 
of the diverticulum for the support and nourishment of the 
ovum. 

Soon after the five pouches of the young trophodisc are 
formed small yolk-globules appear in the ovum. 

The cavities of the five pouches open into a common vesti- 
bule, which communicates, on the one hand, by a very narrow 
aperture with the diverticulum containing the ovum, and on 
the other with the canal from which these structures were 
formed. 

In woodcut 1 a diagrammatic transverse section of the 


Wooncut 1.—Schematic transverse section of a young trophodise. PP. The 
five primary pouches. 

young trophodisc is shown. Such an appearance is never seen 

in actual sections because the trophodisc is cup-shaped or 

medusa-shaped ; but if it were possible to flatten it out artifi- 

cially, and then cut an accurate transverse section exactly 
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through the middle of it, it would present approximately the 
outline given in the figure. 

As the ovum increases in size the trophodisc becomes more 
complicated. ‘The five primary pouches are divided longitudi- 
nally, by infoldings of the endoderm and mesoglea, into ten 
pouches, and by a similar process secondary endodermal 
pouches are formed on the inner and outer faces of some or all 
of the primary pouches. The diagrammatic figure given in 
woodcut 2 explains the formation of these pouches. It must 
not be supposed, however, that anything so clear and simple 
as this can be seen in any sections through the trophodisc. In 
thin sections through preserved specimens the pouches have 
always the appearance of having been considerably squeezed 


Woopcut 2.—Schematic vertical section through the ovum and trophodise at 
a somewhat later stage than that represented in Woodcut 1. Ov. Ovum. 
P. Primary pouch. p'. External secondary pouch. p?. Internal secondary 
pouch. ec. Primary communication between diverticulum and canal. 


and pressed together. 1am not able to assert that in fresh 
specimens this is also the case, as I have not yet had the good 
fortune to obtain any specimens alive; but when we consider 
that the ovum and trophodisc are, as arule, bounded by the 
calcareous walls of the ampulla, it is quite possible that the 
distorted appearance of the trophodisc presented by sections of 
preserved specimens is not very materially different from the 
natural appearance. 

The diagram was composed by drawing the outlines of several 
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complete series of sections with the camera lucida, and com- 
paring them with one another. 

When the ovum is mature the cavities of the pouches of the 
trophodise become obliterated, and soon afterwards their out- 
lines become obscure, and the whole structure degenerates into 
a multinucleate mass of endoderm (Pl. XX XVIII, fig.14). In 
its earlier stages the ovum is enclosed in a complete chorion 
composed of ectoderm, mesogloea, and endoderm, each of these 
tissues being directly continuous with the same tissues of the 
canal in which the ovum first began to grow. As the egg in- 
creases in size these membranes become much thinner, but they 
may always be distinguished on the distal side of the egg, even 
when it is fully grown (P]. XXXVIIL, fig. 18). On the proximal 
side, however, the ectoderm disappears from the area covered 
by the trophodisc as soon as the latter comes in contact with 
it, and at the same time the ectoderm of the outer walls of the 
cup of the trophodisc becomes continuous with the ectoderm 
covering the distal side of the ovum. In the later stages then 
the ovum and trophodise are completely enclosed in a con- 
tinuous ectodermal sheath. 

When the embryo escapes to the exterior the ampulla in 
which it developed is lined internally by a sheath of ectoderm, 
mesogloea, and endoderm, and on the proximal side of it, i. e. 
the side nearest to the central axis of the branch, there is an 
endodermal syncytium—the degenerated trophodisc—in which 
new young ova are frequently to be found. 


III. The Changes of the Germinal Vesicle. 


For a long time I was unable to discover any of the ova of 
Allopora younger than those already sunk in their diverticula. 
My attention was at last directed, however, to certain large 
nuclei occasionally to be seen in the endoderm of the canals, 
more especially in canals in the neighbourhood of already esta- 
blished trophodises and ova. These nuclei can be distin- 
guished from ordinary endodermal nuclei, not only by their 
large size, but also by their transparency, their large nucleolus, 
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and well-defined chromatin meshwork. The cell-substance 
surrounding each of these nuclei is distinguished from the en- 
dodermal cell-substance in being considerably more transparent 
and homogeneous, and in taking up the staining reagents less 
readily. 

I failed entirely to find even a trace of a limiting membrane 
between the cell-substance surrounding them and the general 
endoderm. When I came to examine these bodies with greater 
care, and to compare their structure with that of the youngest 
ova I had previously found, no doubt remained that they were 
very young ova. I could find no trace of any such structures 
in the ectoderm, and no satisfactory evidence that they undergo 
any process of migration in the endoderm of the canals. In 
some cases, it is true, they exhibit amceboid processes (PI. 
XXXVIII, fig. 5); but these cannot be taken as an infallible 
sign of movement, as it is quite possible they are merely used 
for the purpose of feeding more readily upon the fluids of the 
endodermal tissue. 

The nucleus or germinal vesicle of the young ovum under- 
goes no noticeable change except a slight increase in size until 
the ovum approaches maturity. The first change to be noted 
is that it shifts its position from the centre towards the distal 
pole, and at the same time becoming more or less oval in 
shape, its longest diameter being approximately at right angles 
to a line drawn from the proximal to the distal pole of the 
ovum, it loses its regularity of outline. 

On the distal side a small papillate process makes its 
appearance (Pl. XXXVIII, fig. 8) which contains a concen- 
tration of the chromatin network. ‘This process represents 
the portion of the germinal vesicle that is subsequently dis- 
charged with the first polar vesicle. The germinal spot, even 
in the younger ova a very prominent structure, attains at this 
stage its largest size. It always stains deeply in borax- 
carmine. When examined by a high power a regular tesse- 
lated appearance can be made out, which seems to be due 


to the presence of an intra-nucleolar chromatin meshwork 
(fig. 9). 
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When the germinal vesicie reaches the distal pole of the 
ovum, two polar vesicles are successively thrown out. I am 
unable to find any evidence that this is accompanied by 
karyokinesis. There seems to be a concentration of the 
chromatin meshwork in the part of the germinal vesicle that 
is protruded, but that is all. I can find no stars or loops at 
any time in the history of the germinal vesicle of Allopora. 

After the discharge of the polar bodies the germinal vesicle 
becomes flattened to a hemispherical shape on the surface of 
the ovum, and from the large number of ova that can be 
found of that shape in that position I infer that it remains so 
for a considerable time (fig. 11). Itis while the germinal vesicle 
is in that position that I believe fertilisation takes place. I 
have not been fortunate enough to find any steps in the process 
of fertilisation, nor to discover the precise way in which the 
spermatozoa reach the ovum. It should be noted here, how- 
ever, that as the ampulla grows in size it breaks into various 
canals of the superficial meshwork of the coenosteum, and con- 
sequently the ovum is brought into close contact at various 
points with the superficial canal systems. If therefore we 
are justified in supposing that a number of spermatozoa are 
driven by ciliary currents into the canal systems by way 
of the mouths of the gastrozoids, there is little difficulty 
in understanding the way in which the spermatozoa reach 
the ova. 

In the next stages the large nucleus which must now be 
supposed to be formed of the conjugated germinal vesicle and 
sperm nucleus retreats from the surface of the ovum. At 
first it has a rough resemblance to the germinal vesicle in the 
stage just before it reaches the periphery, but a careful exami- 
nation is sufficient to avoid confounding the two stages (fig. 
12). When the oosperm nucleus retreats, it is regularly hemi- 
spherical on the proximal side but irregular and provided 
with four or five delicate amoeboid processes on the distal side. 
The membrana limitans of the oosperm nucleus becomes very 
indistinct, especially on the proximal side, and in the later 
stages entirely disappears. By these characters it is possible, 
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with a little experience, to distinguish at a glance sections 
of the oosperm nucleus and of the germinal vesicle at the 
stage represented in Pl. XXXVIII, fig. 12; but the determi- 
nation can in all cases be confirmed by the presence or absence 
of the remnants of the polar bodies. 

When the membrana limitans disappears it is impossible to 
distinguish the outline of the oosperm nucleus. The ovum 
then bears, in the middle of the distal side near the periphery, 
a protoplasmic portion, surrounded by numerous very small 
yolk-spheres irregularly distributed, that stains rather more 
deeply than the rest of the protoplasm of the egg. This 
portion contains, so far as I can observe with high powers, no 
other histological elements than a few scattered fragments of 
chromatin fibres. 

In the next stage observed I found one or two irregular 
lumps of nuclear substance close to the distal side of the 
young embryo, and seven or eight oval or spherical deeply 
stained nuclear bodies (‘005 to ‘01 mm. in diameter) scattered 
about in the protoplasm of the distal pole. In the next stage 
the irregular lumps have disappeared, and the nuclear bodies 
increased in number (Pl. XX XVIII, figs. 14, 16. 

I have paid particular attention to these stages in the 
development of Allopora, and I can find no trace whatsoever 
of any division of the protoplasm in the neighbourhood of the 
nucleus, and no evidence that would lead me to suppose that 
I have missed any stages of regular segmentation either of the 
nucleus or the egg protoplasm. 

The evidence before me, so far as it goes, seems to show 
that in Allopora the oosperm nucleus, after losing its mem- 
brana limitans, simply breaks up into fragments, and that 
from the fragments a number of embryonic nuclei are formed 
that wander into the region of the embryo that might be 
called the blastoderm, where they rapidly multiply by a process 
of growth and simple division. The larger irregular lumps of 
nuclear substance found only in the earliest stages I take to 
be portions of the oosperm nucleus that have not so frag- 
mented, 
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IV. The Formation of the Embryonic Ectoderm. 


At about the time that the first embryonic nuclei make their 
appearance the protoplasm becomes considerably vacuolated. 
The exact time and the extent of the vacuolation varies in the 
two species I have examined, and indeed in different individual 
eases of the same species. In very young embryos it is some- 
times difficult to distinguish true vacuoles from those artificially 
produced by the contraction of the protoplasm under treatment 
with reagents. I shall consequently lay but little stress in 
this paper on the time and mode of appearance of the vacuoles 
in Allopora; but I hope to treat this point more fully when I 
have had an opportunity of comparing my results with those 
obtained in working out the development of some other 
Hydrocorallines. 

At the stage represented in Pl. XXXVIII, fig. 17, the 
embryonic nuclei have increased enormously in numbers, and 
may be found scattered throughout the embryonic protoplasm. 
The vacuoles are numerous, especially in the distal hemisphere, 
and in some cases they are separated from one another by 
simple thread-like branching strands of protoplasm. The 
larger vacuoles are never quite superficial, but the periphery is 
bounded by a thin continuous membrane of protoplasm bearing 
a few very small yolk-spherules. Into the substance of this 
membrane some of the embryonic nuclei wander and take 
up their positions side by side (fig. 18). 

This peripheral membrane with the nuclei forms the first 
beginning of the embryonic ectoderm. It commences at the 
distal pole and gradually spreads all round the young embryo. 
When the nuclei have wandered into the peripheral membrane 
on the proximal side and formed there the first beginning of 
the ectoderm, cellular bodies of protoplasm, each containing a 
single nucleus, and together forming a well-defined, thick, 
columnar epithelium, have developed on the distal side. At 
the sides of the embryo the ectoderm is in a condition inter- 
mediate between these two extremes. It must be obvious, then, 
that in an embryo at this stage (Pl. XXXVIII, fig. 20) it is 
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possible to study all the phases in the formation of the ectoderm 
by the examination of one good section. 

The ectoderm is formed in this manner: as soon as the 
nuclei have taken up their position in the peripheral proto- 
plasmic membrane, the latter increases considerably in thick- 
ness. The protoplasm then breaks up into blocks, each block 
containing a single nucleus (fig. 21a). These blocks or cells, 
as they may now be called, are separated from one another by 
lacunar spaces. I can find no protoplasmic threads connecting 
them together nor any residue, so that I think we are justified 
in assuming that in life they are filled with a thin watery fluid. 
The ectoderm still continues to increase in thickness, and the 
cells are in consequence drawn out into spindles, isosceles 
triangles, and many other elongated shapes (fig. 218). At the 
external and internal extremities, however, the cells are 
continuous with one another. 

When the ectoderm has completely developed all round, the 
embryo is ready to escape. A passage is prepared for it by 
the absorption of the superjacent calcareous walls of the 
ampulla, and it escapes. 

From the commencement of the formation of the ectoderm 
to the time of the escape of the embryo no noteworthy change 
occurs in the structure of the central mass. It consists 
from first to last of a mass of spongy protoplasm bearing in 
its meshes numerous embryonic nuclei and yolk bodies. There 
is certainly a considerable increase in the number of the 
nuclei, and in the number of the vacuoles; but I cannot 
detect even in the oldest embryos any arrangement of these 
nuclei and the surrounding protoplasm to form an endoderm, 
no invagination of the primitive ectoderm, and nothing 
comparable to a process of delamination. 


V. The History of the Yolk-Spheres. 


It is clear from the description above and the figures given 
that the yolk of the ova of Allopora is not formed without, 
nor by buds from the germinal vesicle. Neither the cells of 
the chorion nor the endoderm cells of the trophodise exhibit 
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at any time highly refracting granules of any kind that could 
possibly be mistaken for yolk. The germinal vesicle moreover 
shows no sign of budding until the yolk is fully formed. 

The yolk-spherules of Allopora are solely produced by the 
activity of the egg protoplasm. When they can first be clearly 
distinguished as yolk-spherules they are distributed equally 
through the protoplasm of the egg, the largest being from ‘005 
to Ol in diameter. At the tinie that the ovum is approaching 
maturity the largest yolk-spheres are on the proximal side of 
the egg. In the neighbourhood of the germinal vesicle they 
are much more numerous than elsewhere, but smaller. They 
are all perfect spheres. ‘The average size of the largest spheres 
is ‘02 mm., but occasionally one may be found with a diameter 
of 025 mm. 

As soon as the oosperm nucleus retreats from the periphery, 
some curious changes occur in the character of the yolk-spheres. 
The smallest spherules are not confined to the neighbourhood 
of the nucleus, but scattered over the periphery of the distal 
hemisphere, and the largest ones are not without exception 
perfect spheres as they were before, but some of them are oval 
or irregular in shape. Some careful measurements I made 
of the irregular yolk bodies gave me the following results: 
703 mm. x ‘02 mm., ‘(0275 mm. x ‘02 mm., ‘025 mm. x :02 
mm.; the numbers representing the longest and shortest 
diameters respectively (Pl. XX XVIII, fig. 19). The largest 
perfectly spherical yolk bodies in the same section were ‘01 
to ‘0125 in diameter. There can be little doubt from the 
appearance of the yolk bodies at this stage that a considerable 
disturbance is going on in the substance of the ovum; some 
of the yolk spheres are breaking up, others are fusing together. 
The rapid degeneration that takes place in the structure of the 
trophodisc, together with the curious changes that take place 
in the character of the yolk-spheres, suggest that at the time 
of maturation of the ovum it ceases to be nourished from with- 
out, and that the food material required for the further develop- 
ment is entirely procured by the breaking up and distribution 
of the stores (yolk bodies) already within the substance of the 
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egg. From the time when the embryonic ectoderm first makes 
its appearance until the embryo escapes no marked changes 
take place in the character of the yolk bodies. There is 
undoubtedly a considerable diminution in the gross amount of 
yolk, but in the oldest embryos I have seen there was always a 
large number of these bodies in the central endodermic (?) 
mass. At no stage in the history of the ovum is there any 
structure comparable to the yolk nucleus of other lecithal 


eggs. 


VI. General Considerations and Conclusion. 


Two points of special interest may be noticed in the develop- 
ment of Allopora, namely, the trophodise and the fragmentation 
of the oosperm nucleus. It is perhaps premature to discuss 
fully the suggestions they afford until we have further informa- 
tion about other Hydrocorallines. 

I have now at my disposal some excellent specimens of Dis- 
tichopora from Torres Straits, for which I am indebted to the 
generosity of Professor Haddon, and I hope to obtain before 
long some specimens of Stylaster. Ifthere are any naturalists 
possessing well-preserved specimens of any Hydrocorallines 
(including all species of Miullepora except M. plicata) who 
could spare me a few branches for my investigations I should 
be most grateful to receive them. 

When I have had the opportunity of working up this 
material I shall discuss more fully than I am able to do now 
the bearing of these investigations. So far as our knowledge 
goes, however, it seems probable that the trophodisc is not a 
reduced Medusa. The position of the ovum within the cavity 
of the structure that would be called, if it were a reduced 
Medusa, the manubrium, the number (5) of the primitive 
pouches, the absence of any structure in development com- 
parable to the ‘“ Glockenkern,” and other considerations, all 
tell against the view that the trophodisc was at any time in the 
phylogenetic history of the Hydrocorallines a free-swimming 
Medusa. 

The fact that we find in the group of the Hydrocorallines one 
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genus, Millepora,' (2) without any trace of yolk in the ovum, 
and others, Allopora (Hickson), Distichopora (Hickson), Errina 
(Moseley), Phobothrus (Moseley), and others with abundance 
of yolk in the ovum, is in itself one of considerable interest. 
It is another example of the unequal distribution of yolk- 
bearing ova in the various orders of the animal kingdom. 

In a recent paper (2) I expressed the opinion that the pheno- 
mena observed in the early’ stages of the development of 
Millepora plicata do not justify us in assuming that the 
ovum of this species at any time in its phylogenetic history was 
charged with yolk. The early stages in the development of 
Allopora seem to me to support this view. The fact that the 
oosperm nucleus of Allopora breaks up into fragments in a 
manner comparable with, although not perfectly similar to, that 
of Millepora, without any trace of segmentation of the ovum, 
shows that the phenomena observed in the latter are not due to 
loss of food-yolk. Furthermore, if Millepora at any time in its 
philogenetic history produced yolk-bearing ova, we might expect 
to find some trace of the trophodisc, a structure that is present 
both in the male and in the female sexual organs of all the 
the other Hydrocorallines that have at present been observed ; 
but no such structure has been discovered. 

I obtained the material for these investigations from two 
sources. Professor Lankester kindly placed at my disposal 
some excellent specimens of Allopora oculina that he 
dredged in the Hardanger Fiord, and preserved partly in abso- 
lute alcohol alone and partly in absolute alcohol after treatment 
with corrosive sublimate; and to Professor Moseley I am 
indebted for some specimens of Allopora norvegica given 
to him by Mr. Murray from the Triton collection. As it is 
impossible to tell the exact age of the ova of Allopora before 
they are cut into sections, I found it necessary to make an 
immense series of preparations before I could find all the stages 
described above. The investigation has consequently taken me 


1 This statement is based upon my own researches on M. plicata. It is 
quite possible that other species of Millepora, such as M. Murrayi, may 
possess a small amount of yolk in their ova. 
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over two years to bring to the state in which I am able to 
publish it. The first few preparations were made in the Mor- 
phological Laboratory at Cambridge, the research was continued 
during 1888 in the anatomical department of the University 
Museum at Oxford, and completed in the Laboratory of Compa- 
rative Anatomy at University College, London. I cannot close 
this paper without expressing my sincere thanks to Professor 
Lankester for allowing me the use of a table in his laboratory, 
and for the many valuable suggestions he has made to me 
during the course of my investigations. 
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DESCRIPTION OF PLATE XXXVIII, 


Illustrating Dr. Hickson’s memoir ‘On the Maturation of 
the Ovum and the Early Stages in the Development of 
Allopora.” 


The following Reference Figures are used throughout. 


ect. General ectoderm of the parent colony. ect’. Embryonic ectoderm. 
end. Kudoderm. m. Mesoglea. ov., ov*., ov®, Ova. tv. Trophodise. 
ch. Chorion. g.v. Germinal vesicle. g.s. Germinal spot. 2. Nucleus. 
y. Yolk-globules. /. Lumen of canal. p. 4. Polar bodies. 


Fig. 1.—A small portion of the canal system of Allopora. In the larger 
canals, @ and 4, a lumen may be seen ; but in the smaller ones, ¢ d, this is not 
apparent. The endoderm is traversed by a coarse protoplasmic spongework, 
with nodal thickenings. There are no traces of any boundary membranes 
between endoderm cells. The ectoderm is like the endoderm in general 
structure, but it is distinctly divided into separate cells each containing a 
single (frequently flattened) nucleus. Between the endoderm and ectoderm 
there is a thin layer of mesogloea. 
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Fie. 2.—A small portion of the canal system of Allopora, showing a young 
ovum lying in the endoderm. The ovum is not surrounded by any trace of a 
vitelline membrane, and the structure of its periphery is very similar in 
character to that of the endoderm. It is consequently very difficult to 
distinguish precisely the exact outline of the ovum at this stage. In the 
neighbourhood of the germinal vesicle the protoplasm of the ovum is rather 
more cloudy in appearance, and the meshwork it contains is finer and closer in 
texture than it is in the endoderm. The germinal vesicle is large, and con- 
tains a sparse chromatin meshwork and a large germinal spot. It is sur- 
rounded by a fairly well-defined membrane. At J. a large nucleus may be 
seen in the endoderm. It is possible that this is the nucleus of a still younger 
ovi-cell, the outline of which cannot be distinguished. 

Fig. 3.—A young ovum lying in the degenerated syncytium of the tropho- 
dise of an embryo. 

Fie. 4.—A sinall portion of a branch of Allopora, showing a young ovum 
and trophodise growing in the ampulla (sp.) formerly occupied by an embryo. 
ap. Aperture by which the embryo escaped. In the walls of the trophodisc, 
and in a large canal lying immediately below it, may be seen young ova 
(ov?. ov*.). 

Fic. 5.—The young trophodisc, the ovum, and a part of the subjacent canals 
of the last figure more highly magnified. The young ovum in the trophodise 
may be seen in this figure to be surrounded by a chorion (ch.) of ectoderm 
mesogloea, and endoderm continuous at z, with the ectoderm mesoglea and 
endoderm of the trophodise. 

Fic. 6.—A stage rather more advanced than that shown in Fig. 5. The 
trophodisc is more involved, and the substance of the ovum filled with small 
spherical yolk-globules. 

Fie. 7.—A stage still more advanced than that shown in Fig. 6. The 
germinal vesicle is irregularly oval in shape, and is situated not centrally, as 
in the earlier stages, but close to the distal pole of the ovum. It is surrounded 
by numerous small yolk-spherules. The trophodise is a flattened disc-shaped 
structure, and the lumina of its folds are almost obliterated. 

Fic. 8.—The germinal vesicle of the ovum represented in Fig. 7, more 
highly magnified, to show the large germinal spot, the chromatin meshwork 
with its nodal thickenings, and the amceboid process on the distal side. 

Fic. 9.—Germinal spot of the same, still more highly magnified. 

Fie. 10.—The germinal vesicle and a small portion of the substance of the 
ovum surrounding it, at the time when the polar bodies are being thrown out. 

Fie. 11.—Stage in which the germinal vesicle, after the polar bodies have 
been thrown out, becomes flattened on the distal pole of the ovum. 

Fic. 12.—Later stage of the germinal vesicle (oosperm nucleus) when it 
retires from the distal pole of the ovum into the yolk again. 

Fic. 13.—Stage in the development of Allopora when the germinal vesicle 
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(oosperm nucleus) becomes obscure. The smaller yolk-spherules, which in 
the earlier stages are principally collected round the germinal vesicle, are in 
this stage scattered over the periphery of the distal hemisphere of the ovum. 
The larger yolk-spheres lose their regular spherical shape and appear to be 
breaking up. The trophodise is reduced to a mere nucleated syncytium in 
connection with the canal system. 

Fic. 14.—Young embryo’ of Allopora, showing the first appearance of 
embryonic nuclei after the disappearance of tle germinal vesicle (oosperm 
nucleus). These nuclei are separated from one another by considerable 
intervals, but are all found. within the distal hemisphere. Some of them are 
spherical in shape, some dumb-bell shaped, and a few larger ones are irregu- 
larly ameeboid in shape. 

Fic. 15.—Some examples of the earliest embryonic nuclei yet found. 

Fic. 16.—Stage in the development of Allopora, rather later than that 
represented in Fig. 14. The embryonic nuclei are more numerous, and there 
are no large irregular-shaped ones characteristic of that stage. The proto- 
plasm of the embryo is here considerably vacuolated. 

Fie. 17.—Stage in the development of Allopora, rather later than that 
represented in Fig. 16. The embryonic nuclei are still more numerous and 
scattered throughout the embryonic protoplasm. On the periphery of the 
distal hemisphere there is a thin layer of unvacuolated protoplasm, in which a 
considerable number of the nuclei have ranged themselves. ‘This is the first 
beginning of the ectoderm of the embryo. 

Fic. 18.—A small portion of the periphery of an embryo at the stage 
represented in Fig. 17, more highly magnified. 

Fic. 19.—Some examples of the larger yolk-globules, found in the embryo 
represented in Fig. 17. 

Fie. 20.—Last stage observed in the development of the embryo of Allo- 
pora. Soon afterwards the embryo escapes. The embryonic ectoderm cells 
are now completely formed over the periphery of the distal hemisphere of the 
embryo. On the proximal side the protoplasm of the embryonic ectoderm has 
not yet broken up into cell-masses round the nuclei. 

Fic. 21.—Two stages in the formation of embryonic ectoderm. A. The 
younger stage. B. The older stage. 

Fie. 22.—A small portion of the protoplasm of the inner portion of the 
embryo represented in Fig. 20. 
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